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The great want of scientific principle in the construction of yachts 
must be evideut to everyone who has given the subject any con- 
sideration, and it is on account of this want that so few yachts are 
built which answer the expectations of the builder or owner. The 
deficiency may be traced to two principal causes, first to the imper- 
fect knowledge of the theory of Naval Architecture, which the 
generahty of our yacht builders possess, and secondly to the very 
slight inducement for any improvement given by the yacht clubs. 
Although the builders are undoubtedly men of great experience, 
still the very nature of their employment prevents that careful 
study of the scientific part of their business which can alone 
produce a competent naval architect ; in fact. Naval Architecture is 
with them of secondary importance, instead of demanding the 
greater share of their attention. In other constructive arts there 
are two distinct branches, the architect, to whom is entrusted the 
design, and the builder, whose business it is to carry out the design, 
and whenever these separate branches of a trade have been united 
mediocrity has invariably resulted, because the time and attention 
requisite to produce proficiency in either branch prevents mor« 
than a partial knowledge of both. 

In yacht building the separation is even more necessary than in 
other constructive arts, for the designer should not only be a 
scientific constructor, but also an experienced yacht sailor, otherwise 
he can form no correct estimate of the probable eflfect of the com- 
binations of his design. The fastest yachts of the present day 
afford a confirmation of these remarks : neither the * Alarm,' the 
* Mosquito,' nor the ^ America,' were constructed by regular yacht 
builders, who, unable to compete with the scientific yachtsman or 
naval architect, are driven to follow in their wake, and adopt any 
model that may obtain a temporary superiority. 

The yacht clubs have hitherto done little to improve the con- 
struction of vessels : their prizes are offered for speed only, and 
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that speed must be measured by an arbitrary standard, which has 
not only ceased to be a correct measure, but is found to engender a 
very bad form of yacht. At present the yacht clubs are placed in 
an anomalous position; the members individually are unanimous 
in opinion that the present class of cHpper cutters is deficient in 
every requisite of a good yacht, except speed; even those who 
possess such vessels are frequently afraid to trust themselves in 
their own craft ; but collectively they agree in shutting their ears 
to any improvement whatever. Virtually no rig but the cutter, 
with its immense and ridiculous balloon sails, is to contend in their 
races, nor is any but the most exaggerated form of hull permitted 
to enter the lists with any chance of success. Any remedy for 
these last-mentioned errors is diflScult to suggest ; but in the way 
of improving the scientific construction, and ensuring that a yacht 
shall answer the expectations of her constructor, the yacht clubs 
may accomplish much by insisting upon a proper drawing of every 
yacht entered for a race being deposited in their custody, to be 
retained as club property. This would ensure a certain degree of 
attention being paid to the construction of racing yachts, and 
although there might be some repugnance at displaying supposed 
secrets of the trade, still the feeling is somewhat selfish and 
unsportsmanlike, and would no doubt soon be overcome. 

Yacht owners should endeavour to force the builders into paying 
more attention to the construction of their vessels by making them 
furnish proper and correct designs of any yacht to be built ; and the 
builders themselves, by producing an accurate drawing beforehand, 
would be forced to direct their energies more to the construction 
and less to the practical part of their business, and thus find a 
substantial remuneration for their labour in the success which 
would undoubtedly follow the appUcation of scientific principles in 
making the design for a yacht. 

At present there seems to be no prospect that a class of scientific 
yacht constructors will arise, and the only improvement now hkely 
to take place is, that yacht owners should learn to construct their 
own vessels, or, at all events, to understand the drawings and calcu- 
lations, and thus be able to control the construction. "With the 
view of assisting both the amateur and the practical builder, the 
following pages have been arranged, no work of a similar character 
having hitherto appeared, so far as the author is aware of. Lord 
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Eobert Montagu opened the subject about two years since, but very 
few builders or amateurs are able to follow his Lordship through his 
mathematical investigations ; nor is the knowledge of such matters 
of absolute necessity to the builder — his wants are of a more 
practical nature ; he requires something which shall guide him in 
making the design for a yacht ; he stands, pen in hand, ready to 
commence the drawing, and cannot afford to spend his time in 
studying matters which are seldom acquired in after-life. Any 
man able to read and understand a complicated treatise of mathe- 
matics is competent for better things than superintending a small 
ship-yard; but happily there are few who do not possess the 
reasonable knowledge of arithmetic requisite for the full compre- 
hension and application of principles laid down in this treatise. 
Very great difficulty is always found in procuring accurate 
drawings, and information as to yachts already built whose pro- 
perties are known. The builders have an objection to supply any 
drawings for the purpose of publication, preferring to maintain a 
mysterious secrecy about their proceedings. In many cases no 
drawings existj as the builders do not understand them, and hold 
such things in abhorrence, relying upon a good eye and the " rule 
of thumb" for an elegant or swift vessel. Some there are who 
have a collection of nothing but models, which serve in the 
place of drawings. Now this system of model-making has had a 
most pernicious influence in yacht building: no correct idea can 
be formed of the properties or qualities of a vessel from a model, 
unless it is made from the drawing, and if so, then it is useless, 
except as a toy. 

A model made by guess or without a plan is generally a perfect 
monstrosity, when submitted to the severe test of being transferred 
to paper. A model is however made, because an amateur can 
scarcely be expected to form any notion of a vessel from a drawing; 
he requires something less technical — something with which his eye 
is more conversant, and when a model is shown him he imagines 
that he understands the thing completely. In many cases this is 
a mere optical delusion, as anything tending to diminish the lustre 
of the varnish or paint, or to slightly damage the model, imme- 
diately dissolves the charm, and the perfect form becomes common- 
place, yet the model as a model is unaltered — to a ship-builder it 
has the same value as before the test was applied. The model 
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system is a part of the yacht-building system, for the builders, as 
practical men, find it easier work to cut out a model than to pre- 
pare the drawing of a ship. After the drawing is completed, a 
model may be made as a satisfsiction to those who do not under- 
stand ship drawing; but to imagine that the nice adjustments of 
centres of gravity, areas or displacements, will be obtained from a 
model, is ridiculous. 

The Author hopes, however, that a moderate study of this work 
will enable the builder to make, and the amateur or owner to under- 
stand, proper ship drawings and calculations. 

At present there is a great want both of drawings and calcula- 
tions of yachts ; a collection of such calculations would be invalu- 
able to the yacht builder, and the attempt now made to supply such 
information can only be considered as initiatory ; each builder ac- 
cording to his opportunity may increase his means of comparing 
and drawing his conclusions from increased collection of materials 
for constructing, and he will thus be enabled to ascertain to what 
the good or bad success of a yacht may be attributed, and avoiding 
the bad examples, each successive vessel he designs will embody a 
greater proportion of good qualities. 
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DEAWING. 

It is absolutely necessary for anything at all approaching to the 
scientific construction of a ship, that the designer, whether owner or 
builder, should understand a ship drawing, and this can scarcely be 
acquired without a little knowledge of the art of Drawing — an art 
very easily attained. For those wholly unacquainted with the subject 
I should explain that the first process towards building a properly-con- 
structed vessel is to make accurate drawings of the intended vessel 
on paper, upon a reduced scale. From these drawings other draw- 
ings of the full size are made or " laid oflf " upon the floor of a 
large room called the "mould-loft." From this last-mentioned draw- 
ing ** moulds " of thin deal are made, and by the help of these moulds 
the timbers comprising the " frame " of the vessel are cut out, and 
the frame is then put together. In ship drawing a very few imple- 
ments are required. One straight-edge about four feet long and 
four inches wide, with one of its edges champhered; another of 
about a foot in length, and two and a half inches wide ; the former 
may be of wainscot oak, or a clean piece of fir ; the latter of some 
hard wood, such as oak, mahogany, or pear ; two or three squares of 
different sizes, the smaller of ebony, pear, or boxwood, and a set of 
moulds, which should be made of pear or boxwood veneer. They 
may be procured at the mathematical instrument makers ; but it is 
better to obtain a set from some practical draughtsman. A sheering 
batten of fir, about four feet long and three-eighths of an inch 
square (though it is better if it is flatter on one side) ; two or three 
shorter battens of lancewood, made to taper gradually till they are 
very thin and pliant at the smaller end; some lead weights of about 

B 
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six pounds weight each — these may be cast in the form of an 
elongated square and covered with paper. To pin or fix a batten 
with them, it is necessary to have some pieces of hard wood, such as 

lancewood, AMcan oak, or box, made in this shape 



the pointed end being placed on the batten, and the weight on the 
square part, or this piece of wood may be secured to the lead 
weight by a couple of screws, and then used all in one. These are 
all the requisite tools, except the drawing pens, dividers, bow pens, 
&c., which are usually sold in a box of instruments, but which had 
much better be purchased separately, because many of the articles 
forming the customary equipment of such a box are of no use 
whatever to the ship draughtsman, whilst many that are of use 
are omitted. Therefore, anyone wishing to obtain a good practical 
collection of drawing instruments had better provide a pair of 
dividers with shifting pen and pencil legs ; a pair of dividers with 
fixed legs ; three drawing pens ; a small spring bow pen ; a larger 
bow pen and pencil ; and, instead of the usual scales, a foot ivory 
scale, divided with inch, half-inch, quarter and eighth inch scales 
on its edges, and other scale divisions of the inch in the middle. 
A six-inch scale of decimal parts of a quarter-inch — commonly 
called a " forty scale," is very useful in making the calculations. 
A cake of good Indian ink, and bottles of Ackerman's fluid verdigris 
and carmine, complete the equipment of the ship draughtsman. 
The table or drawing board, at which the draughtsman stands when 
at work, should have a smooth surface, and be placed under a 
window or otherwise in a good Ught. The drawing board is usually 
about 5 feet long, and 8 feet wide, and stands upon trestles 2 feet 
10 inches above the floor. 

The drawings from which a ship is constructed are always three 
in number : — • 

1. The sheer plan, containing a series of longitudinal vertical 
sections. 

2. The half-breadth plan, containing a series of longitudinal 
transverse sections. 

3. The body plan, containing a series of transverse vertical 

sections. 

The beginner should commence by copying a set of drawings, 
which is a very easy matter. Like other arts it requires a Httle 
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practice, but after a few attempts the student will become dexterous 
in the use of the moulds and drawing pen. There are three 
customary methods of copying : — First, by tracing the original on 
prepared transparent paper placed over it. This plan is usefully 
adopted when expedition is required, or when a drawing has to be 
transmitted by post ; it is the simplest and easiest method of copy- 
ing. The tracing paper may be purchased, but for such as prefer 
preparing it for themselves, the following is an excellent recipe. The 
paper so prepared is not only very transparent, but admits of being 
tinted upon. Take the best Canada balsam 2 ounces, and mix it in 
a basin with 4 ounces of spirits of turpentine, until the balsam is 
quite dissolved ; spread a quire of lai^e-sized tissue paper evenly 
upon a table or drawing board, one sheet upon another. The mix- 
ture must be applied to the upper sheet with a large brush. When 
one side is saturated the sheet of paper must be turned, and the brush 
passed over the reverse side so as to equalize the Hquid. Having 
stretched some strings across a room, the sheet may be pinned by 
two of its corners to the string, and thus left to dry ; when it is fit 
for use. The first sheet v^ill generally take at least one-half of the 
mixture, as the under sheets imbibe it : each successive sheet must 
be submitted to the same process. Pure Canada balsam is quite 
colourless, and when the paper is dry it should have rather a dead 
white appearance, and not be yellow, glossy, or sticky ; when such 
is the case, it is a sign that there is too much balsam in the mixture. 
A small pinch of sugar of lead stirred into the mixture will facilitate 
the drying. 

The second method of copying is by placing the original plan 
over a sheet of paper, and pricking the principal points through 
with a fine needle, so as to mark the lower sheet ; guided by these 
points, the draughtsman can easily fill in the detail ; a little practice 
in *' pricking off" is requisite, as an expert draughtsman wiU re- 
quire very few marks. Care must be taken that the needle is held 
upright. I should mention that to prick holes in a borrowed draw- 
ing is considered a great offence. 

The third plan is to measure the principal points with a pair of 
dividers, or a scale, and to transfer these points to the copy ; this is 
the method to be adopted by the learner. After copying one or two 
drawings in this manner he will become acquainted with the con- 
nection between the different lines of the plans. Some draughtsmen 

B 2 
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stretch their paper on a drawing board ; this is done by saturating 
the paper with water, which is sponged evenly on every part, and 
then gluing the edges down to the board. As the paper shrinks 
considerably in drying it becomes very firm, and presents an excel- 
lent surface for drawing upon ; but when cut from the board the 
paper invariably contracts, and therefore the drawing will be more 
or less inaccurate according to the extent of this contraction. 

Suppose, then, the student to commence copying a ship drawing, 
I need only describe the order in which the Unes should be copied, 
the coimection between them, and the method of ending them. As 
a general rule the lines representing the actual parts of a vessel are 
drawn in black ink ; the water lines or horizontal sections below the 
load water lines in each plan in green ink ; those linrs which are 
not parts of the vessel but are of use in making the drawing, in 
ticked black ink ; and the inboard work or profile in red ink. The 
light is supposed to come from the right-hand upper corner of the 
paper, and consequently the upper and right-hand sides of a solid 
are represented by fine or thin Hues ; those on the lower or left hand 
by thicker Hues ; thus the lower side of the keel is thick, the fore- 
side of the mast is thin, and so on. The drawing should be com- 
pleted in pencil before ink is used. 

The middle line of the half-breadth plan is first drawn, and from 
this line as a base, all breadths are measured — perpendicular to it 
the foremost perpendicular, and then, at their proper distances, the 
lines corresponding to the other vertical sections are to be drawn. 
The load water hne of the sheer plan is drawn parallel to the middle 
line of the half-breadth plan, and consequently the sections are ver- 
tical to it. It is not unusual to make the upper edge of the rabbet 
of the keel, the base of the sheer and body plans ; but where there is 
much difference in the draught of water forward and aft, as is the 
case with most yachts, the load- water line is preferable. 

From the load water line all heights and depths are measured ; it 
is therefore the base of the sheer and body plans. The mbbet hne 
and lower side of the keel in the sheer plan are next drawn, the 
intermediate water Unes are sometimes drawn parallel to the load 
water line and sometimes at equal distances between it and the 
rabbet hne of the keel ; in the former case there is less trouble in 
transferring the heights to the body plan, in the latter they are 
better adapted for making the calculations. The several sheer lines 
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must next be set off, the heights taken from the wat^r line on each 
section, and a penning batten made to pass through the points, and 
a line drawn along the batten. The stem, rabbet of stem, the stern- 
post and its rabbet are next in order. The counter may be copied 
by drawing in the original a continuation of the rake of the counter 
through the water line to some other line below it ; this line trans- 
ferred to the copy will give the rake of the counter. The detail of 
this part is then easily filled in. The different half breadths of the 
water lines and of the sheer lines must next be transferred from 
the original, and a thin batten penned to pass through the points in 
each section. Some practice, and not a little patience, is necessary 
in using a penning batten and weights ; if the batten is too pliant 
the line may not be a fair curve, and if too stiff it is extremely 
diflScult to confine it in its proper position. 

The endings of the sheer lines and water lines in the half-breadth 
plan are obtained by squaring down from the sheer plan the inter- 
section of each line respectively with the fore edge of the rabbet of 
the stem, or the after edge of the rabbet of the stern-post, as the 
case may be, to the middle line of the half-breadth plan, and from 
these spots set off from and perpendicular to the middle line half 
the siding of the stem or stern-post at the respective heights, these 
latter spots will be the endings required. 

The middle Hue of the body plan is drawn square to the base, 
and the half siding of the stem and stern-post on each sidiB of it. 
It is usual to make the base of the sheer and body plans in one 
line, and therefore when the load water line is the base, a continua- 
tion of it from the sheer plan will be both the base and the load 
water line of the body plan also. When the other water lines are 
parallel to the base they may also be continued, but when not 
parallel the distance of each water line from the base must be trans- 
ferred from the sheer to the body plan. Lines drawn square to the 
middle line at these heights will represent the vertical height of 
each water line at each section in the body plan, and on these lines 
the respective half breadths^ taken from the half-breadth plan, 
must be set off from the middle line— the several sheer lines are 
transferred in a similar manner. A curve passing through the 
points thus found will give the shape of that section in the body 
plan. The better way is to take off the heights and breadths of 
each section separately, commencing with the midship section, which 
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is often drawn on both sides ; the sections of the fore body are 
drawn on the right, and those of the after body on the left-hand 
side of the middle line. The sections of the body plan will end at 
the half siding of the keel, stem or stem-post as to breadth, and at 
the lower edge of the rabbet of the keel as to depth in each section. 
When the intermediate water lines are parallel to the base, the 
breadths have merely to be set oflf on them. In drawing these 
sections of the body plan the small moulds must be used, and each 
line drawn in small pieces. After a little practice this is very easy, 
although at first some diflSculty may be experienced in forming fair 
and correct curves. By tracing about a dozen body plans the 
beginner will become accustomed to the use of the moulds. When 
the body plan is so far completed it may be necessary to " fair the 
body," by running diagonal and buttock lines. In transferring the 
former from the body to the half-breadth plan, the distance of each 
section is taken on the line of the diagonal from the middle hne of 
the body plan and applied to the corresponding section of the half- 
breadth plan. A batten passing through these spots will detect 
any unfairness in the line, which must be corrected. A diagonal 
line ends in the half-breadth plan at the height of its intersection 
with the half siding of the stem or stem-post in the body plan, 
transferred to the rabbet in the sheer plan, and squared down to 
the half breadth ; on this the diagonal distance of the middle line 
to the half-siding line of the body plan is set oft^ which gives the 
ending required. A buttock line in the body and half-breadth 
plans is drawn parallel to the middle hne, the distances of its inter- 
section with each section from the base are transferred from the 
body to the sheer plan, and a batten passing through these spots 
will detect any unfairness ; or, as a further proof the intersection 
of eiach water line with the buttock line in the half-breadth plan 
may be squared up to the respective water lines in the sheer plan, 
if the buttock line of the sheer plan does not agree with these last- 
found points some alteration must be made until the body is fair, 
which is the case when all the intersecting points exactly coincide, 
and the diagonal, buttock, and water lines of each plan are fair Unes. 
In the foregoing description the body and half-breadth plans are 
drawn to the outside of the plank ; in working drawings the out- 
side of the timber only is shown ; in this case the sections of the 
body plan and the water lines of the half-breadth plan are ended 
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by describing an arc of a circle with the radios of the thickness of 
the plank from the ending before found as a centre ; the lines will 
end at the back of this arc. 

It may be observed that it is a rule to take as few points as 
possible from the original drawing, and to find the points in one 
plan from those in another ; by this means any error is much less 
likely to produce an unfair or impracticable drawing. 
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Having now given a general idea of the method of copying a 
ship drawing, and assuming the student to have become skilful in 
the use of the several implements of his art, we may proceed to 
construct a yacht ; but before doing so it may be advisable 
to consider each separate element of the design, and it must be 
clearly understood that the system propounded in these pages is 
entirely a tentative system, in which the constructor takes an 
existing vessel or vessels of known good qualities, most nearly 
resembling that which he proposes to construct, as his guide, and 
proceeds to adopt that which is good in the vessels he establishes 
as models, and to improve upon that which is bad. 

Displacement. 

The first step to be taken in designing a vessel is the determi- 
nation of the displacement, and its relations to its three containing 
dimensions, length, breadth, and depth. In fixing the displace- 
ment, the following considerations occur. By having it too great 
in proportion to the dimensions, the vessel will be heavy, and from 
the necessary fulness of the immersed portion of the body, she wiU 
be slow, and will probably be uneasy at sea, though roomy below. 
By a reference to the Table of Calculations we find the mean ratio 
of the soUd contents of the displacement to the circumscribing 
parallelepiped assumed as 1, is for cutters *356, and for schooners 
•3956, the general average being '37; and selecting the better 
vessels of each class, these averages are 3499 and '3789 re- 
spectively, whilst the mean of the two classes is * 3623, which may 
be taken as a good proportion. 
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The displacement should be considered as in three distinct 
branches, viz, that due to the weight of hull, of bsJlast, and of 
equipment ; there is great difficulty in obtaining trustworthy 
information on this subject, correct particulars of which are much 
required, but the following are correct, or nearly so. 



Yachts' Names. 



Mazeppa 
Vesper .. 
Calypso . . 
Thought 
Cygnet .. . 
Emerald 
Pearl .. . 
Mary Taylor 
America 



Hull. 



Ballast. 



EqutpmenL 



Total 
I )isplacement. 



Tons. 

1-7 

2-86 



Tons. 



2 
5 

8 
28 
39 
28 
60 



2 
5 
2 







5 

8 

9 
21 
28 
51-0 
60-0 
180 
450 



5 
5 
5 

5 



Tons. 

20 

2-5 

2-5 

41 

8-7 

13-7 

28-5 

16-25 

41-5 



Tons. 
9-2* 

1411t 
14 -2^ 
30 •6§ 
45-4 
92-7 

127-6 
62-25 

146-5 



• Clench built, very slight, half-decked. 
X Half-decked. 



f Strongly built, decked. 
i SUghtly built. 



The best plan for fixing the displacement of an intended vessel, 
in accordance with the principles of this work, is to ascertain that 
of another vessel built and fitted somewhat similarly, and of nearly 
the same dimensions as the vessel required ; by this means a near 
approximation may be formed. 



Length. 

Having fixed on the intended disphujement, the length has next 
to be determined, and by the length must be understood the length 
of the load-water line, unless stated to the contrary. The length 
must be in the first instance determined by examining the length of 
other vessels of the same or nearly the same displacement, and 
considering their qualities. The ratio of length to displacement is 
so very variable, that it is impossible to give any rule on the 
subject. In the * Mazeppa ' this ratio is • 095 ; in the * America,' 
• 017. As a general rule additional length increases the velocity, 
but may be detrimental to the working of the vessel, and to the 
efiect of the rudder. It may, moreover, increase the pitching in 
large vessels to a dangerous extent, and before giving greater 
relative length than is usual, the constructor must give due weight 
to these considerations. 
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Breadth. 



The ratio of breadth to length is very variable, and from the 
loose manner in which these dimensions are spoken of as to the 
part of a vessel at which they are taken, it is difficult to form a 
correct notion of the actual proportion commonly observed. The 
dimensions of a vessel at the loadi water line as to length and 
breadth, are those which are of the greatest use to the constructor, 
as they are at least taken from known and fixed points. Assuming 
the length to be established, and caUing it 1, it will be found from 
the tables that the proportionate breadth varies from '408 to '2202 
for cutters, and from '3323 to '2234: for schooners; but unless 
certain properties of the respective vessels are known, the J)ropor- 
tion of breadth to length is of little value as a means of estabUshing 
any general rule, so much depending upon the depth, stowage, and 
specific gravity of the ballast, &c. ; but it would appear that when 
a cutter is intended to obtain her stability by depth and weight of 
ballast, then '24 is a good proportion of breadth to length; when 
she is to rely more on her constructive qualities for her power of 
carrying sail, greater proportionate breadth is required, and conse- 
quently -28 would be a better ratio. These remarks scarcely 
apply to schooners, as they are seldom small enough to allow of 
their being constructed on the former system, and the nature of 
their rig renders great breadth inadmissible; '25 to '27 appears 
to be a good proportion for schooner yachts. By an increase of 
breadth, the stability, the rolling, and generally the direct resistance 
are increased. As regards the stabihty ; when a vessel is to acquire 
her poT^er of carrying sail from her constructed form, the breadth 
at about the load water line should be proportionately greater than 
when the stiffness is to be obtained from the weight of ballast and 
the low position of its centre of gravity. In this latter case the 
breadth may be advantageously reduced, and the depth increased. 
A limit to this is found when the vessel increases in size, as will 
appear when we treat of the depth. A vessel relying upon her con- 
structive quaUties for stability has many advantages over the deep- 
formed yacht; she will, besides drawing less water, require less 
ballast, be lighter, easier, and drier at sea, have greater platform 
space, will work quicker, and will sail with less inclination. On 
the other hand the deep heavy yacht will have greater height of 
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cabin, will perhaps be foster to windward, and in a match in narrow 
waters her weight will give her an advantage over her lighter 
opponent, and she will shoot farther in stays. It is, however, diflB- 
cult to believe that the narrow form would have been countenanced, 
but for the tonnage law which gives such great advantages to a 
narrow vessel, and has prevented the wider yacht from receiving 
that attention which its qualities demand. I have had an oppor- 
tunity of constructing two small craft of 15 tons, one on each of 
these systems ; they are of nearly equal lengths and equal speed, 
the advantage being slightly with the wider of the two, and such 
being the case, the preponderance of advantages seems decidedly 
on the side of breadth against deptL The rolling of yachts is 
not a matter of much moment, as they are seldom placed in positions 
where an addition to the breadth would be noticeable in causing 
excessive rolling. In yachts great breadth is admissible, inasmuch 
as the small displacement of a yacht enables the constructor to 
have a small midship section, and also to give the water lines so 
gradual a curve towards the extremities, that the additional resist- 
ance due to the increased breadth is not of very great importance. 

Depth. 

There is some diificulty in fixing upon a measure of depth for the 
purpose of construction. When considered with respect to draught 
of water, the extreme depth must of course be taken ; but for all 
purposes of calculation it is more accurate and more convenient 
to take as the depth the mean vertical distance from the load water 
line to the lower edge of the rabbet of the keel, inasmuch as the 
keel may be increased or diminished, according to considerations to 
be hereafter referred to, without materially affecting the displace- 
ment or the area of the midship section; but as there is frequently 
some difficulty in establishing the precise depth forward on account 
of the rake of stem, it is better to measure the depth at the 
middle of the water line. Taking this, then, for the depth, the pro- 
portion of breadth to depth varies in cutters from '6396 to '2536, 
the average being '4378 — the mean ofthe best examples being '449. • 
For schooners the proportion is from '4328 to '2956, the average 
being '3052. The general average for schooners and cutters is 
•4224, but it should be remarked that so great diversity exists in 
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this particular, that eight examples selected as possessing a greater 
degree of excellence than other vessels, embrace the extreme limits 
of the proportion. The reason of this difference is that fest vessels 
of small size, such as yachts, may be constructed on two principles, 
one being that of a shallow body and deep keel, and the other of a 
deep body ; and the constructor must determine which principle he 
intends to adopt ; the object being to obtain an area of immersed 
longitudinal section sufficiently large to prevent the vessel being 
driven to leeward by the action of the wind on the sails. In large 
vessels this area can only be obtained by increasing the depth ; 
but in yachts within the ordinary size it can be obtained by adopt- 
ing either of the two above-mentioned principles. 

It has been found from experience, that 12 feet is the maximum 
draught of water adapted for general cruising along the English 
coast and its estuaries ; therefore the constructor should be cautious 
in exceeding that draught of water, and it will be advisable to in- 
crease the breadth rather than outstep this limit, except in the case 
of an unusually large yachi 

Drag. 

The amount of drag or excess of draught of water aft over that 
forward is found to vary very considerably in different yachts ; this 
is probably owing to the fancy of the builder more than to any precise 
deduction, for as the effect of drag can always be counteracted by 
proper arrangement of the sails, any error in its amount is not fatal 
to the good qualities of the vessel. A certain amount of drag is not 
only desirable but requisite, and has been adopted in nearly every 
description of boat or vessel. It gives a greater area of rudder, and 
what is of more importance, it enables a vessel to work with less 
head-sail, and at the same time the centre of lateral oscillation being 
ferther affc, the resistance to the action of a wave striking the bow 
is diminished, and consequently the vessel is rendered drier and 
easier. The only question is the extent to which the drag should 
be carried, and to determine this, the constructor has to consider, 
first, the rig of his vessel and the position of the centre of effort of 
the wind on the sails in relation to the centre of longitudinal sec- 
tion immersed ; and, secondly, the position of the centre of gravity 
of displacement, because as this centre approaches the stem so 
should the drag increase, otherwise the sections of the after body 
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must be made very full. Intimately connected with this subject is 

the consideration of the 

« 

Baking Stern-post and Baking Stem. 

A slight rake of stem-post is, in some respects, rather convenient, 
and is found in most vessels ; but the excessive rake given to some 
yachts is undoubtedly an offspring of the tonnage law, and will, 
in all probabihty, disappear with the alteration of that law. The 
rake varies from nothing to an angle of 45 degrees, the greater 
rake being found in such yachts as are built for racing. As the 
raking stern-post has lately occasioned such violent controversies, it 
may not be out of place to give the principal arguments on each 
side of the question. In favour of the rake: — 1. The supposed 
improvement to the appearance. 2. The increased room on deck. 
3. The power of bringing the main-sheet nearer the end of the 
boom. 4. The rudder hangs away from the stern-post, and so has 
a tendency to remain quiet when the vessel is at anchor. Against 
the rake: — 1. The topsides and deck are large and heavy, holding 
wind and rendering the vessel crank. 2. A great weight of timber 
is added abaft at a great additional expense, and very Uttle addition 
of room below. 3. The rudder is large and heavy, and, moreover, 
has to be lifted whenever it is put over, instead of merely turning 
on its gudgeons. 4. The result of universal experience, the exces- 
sive rake being found only where the length for tonnage is measured 
along the keel. 

Nearly all the arguments as to the raking stem-post apply to a 
raking stem, but as no tonnage rules encourage the latter, it is not 
often found in yachts. Moreover, by raking the stem a part of the 
area of longitudinal section immersed is lost, and also the water 
lines cannot be carried out to that degree of fineness forward 
which is found to be all important in producing speed. It 
has lately become the fashion to round off the forefoot very con- 
siderably, with the view of causing the vessel to steer better, and to 
stay quicker ; and with the same intention the under side of the 
keel is occasionally made convex. There is no doubt that these 
alterations tend to produce these effects ; but let the constructor 
bear in mind that within the limits of his dimensions every reduc- 
tion made in the area of longitudinal section immersed causes his 
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vessel to be less weatherly, and that obedience to the action of the 
rudder, if wanted, may be increased in other.ways than by curtail- 
ing this area; Those, however, who have seen the * Mosquito ' or 
' Cygnet,* or, in fact, any good yacht, stay, will hardly think that 
their construction requires improvement in this respect. A common 
idea not only of the practical sailor but also of the amateur con- 
structor, is that vessels having great rake of stem skim over the 
water in distinction from sharp vessels with upright stems, which 
must, from their construction, go through the water. Those argu- 
ing in favour of the skimming theory forget that a fundamental law 
of nature is that every floating body must displace a weight of 
water equal to its own weight ; and except so far as the sails may 
lift or depress the vessel, should the bow be raised when the vessel 
is in motion, it follows that a corresponding depression must take 
place at the stern, and the only result is that the vessel then floats 
at some other water Hne than that intended by her constructor. It 
is, however, true that fast yachts and aLso steamei:s have a tendency 
to raise the bow and depress the stern on any increase of velocity, 
and it is probable that this efiect may be increased by raking the 
stem ; but it by no means follows that because the bow is raised 
therefore the vessel sails faster, and on the whole it is difficult to 
discover any advantage in the system of raking stems. 

The Height of the Deck above the Load Water Line, the 
Amount of Sheer, and the Height op Bulwarks 

Have next to be determined. Particulars on these points will be 
found in the Tables, and no rule can be laid down for the construc- 
tor's guidance in this respect, as the height out of the water will 
depend upon the size of the vessel, and the particular purpose for 
which she may be intended : but as water on the deck is, to say 
the least of it, inconvenient, the deck amidships should be so 
placed that when the vessel inclines to an angle of .20 degrees it 
may be above the water line on the lee side. During the reign 
of the bluff'-bowed yachts it was customary to give considerable 
sheer forward ; this was probably owing to the fact of their knock- 
ing tip the water at that part: as the finer bow became more 
fashionable this excessive sheer gradually diminished, and it may 
be doubted whether it has yet reached its lowest point ; at least for 
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vessels intended for smooth-water sailing. When a vessel inclines, 
the water first makes its appearance on the deck at about two-thirds 
of the length from forward, which is now usually the lowest part 
of the deck, and the natural inference is that this very part should 
be raised — if it was raised additional height of cabin would be 
obtained : it is true that by raising the deck we should increase the 
crankness, and also increase the area of the topside ; still the differ- 
ence is only a few inches, and the advantages of a high cabin and a 
dry deck ought not to be given up without due consideration. If 
the sheer forward can be reduced, the deck amidships might be 
raised without materially increasing the weight or area aloft. 

Formerly it was the fashion to give more sheer aft than we find 
in yachts of the present time — in this respect our ancestors seem 
to have had an advantage, as they obtained greater height in the 
after cabins ; with a high stem greater width with better Unes 
are practicable, and the inclined water line is not likely to be so 
round. 

These are, however, questions of convenience merely ; the con- 
structor has to bear in mind that every addition to the topside is 
detrimental to velocity, and therefore when speed is the object, the 
height of the deck and also the counter and bulwarks should be 
reduced to the least height consistent with safety, and slight accom- 
modation or shelter. As to bulwarks, unless a bulwark is above 
the knee of a man standing on deck so as really to afford shelter 
and protection from falling overboard, it is difficult to see why it 
should be more than a low ledge to prevent things from washing off 
the deck, as seems to be the practice in some American vessels. 

The Position op the Midship Section 

With regard to the length of the load water line is an important 
particular which can only be determined by a careful consideration 
of the intended form and requisites of the vessel. The experiments 
on resistances made by Colonel Beaufoy indicate the best position of 
the midship section, or the relative length of the fore and after 
bodies to be from one-half to three-fifths of the length of the water 
line from forward. Comparing this with the results of actual prac- 
tice we find that the best or fastest yachts nearly approach this 
proportion. 
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Yachts' Names. 



Vesper 

Thought .. 
Cygnet 

Mosquito . . 

Pearl .. .. 
Mary Taylor 

America . . 
Lotus . . 



Midship Section 

from Middle of 

Load Water Line. 



Proportion from 

Fore end of 
Load Water Line. 



feet. 

'25 abaft 
3-535 abaft 
• 3 before 



4-5 

6-25 

6-2 

6- 

6-98 



abaft 

before 

abaft 

abaft 

before 



507 
•570 
■494 
"581 
•400 
•600 
•568 
•421 



It should be remarked that the first four named yachts have great 
rake of stem-post, which has some effect upon the apparent position 
of the midship section, by placing it farther forward in relation to 
the length of the load water line than would be the case were the 
stem-post upright. Some constmctors have imagined that the mid- 
ship section, the centre of gravity of displacement, and centre of 
gravity of the load water line, should be at the middle of the length, 
— their reasons not being very conclusive, and tending rather to 
prove that the centre of vertical longitudinal section is the centre 
about which these points should be concentrated. 

The Form and Area op the Midship Section 

Have next to be considered — first, of the area which varies so much 
in different yachts in its proportion to other known elements, that a 
definite rule on this very material particular can scarcely be esta- 
blished. In the following Table the area of the midship section 
in terms of the displacement, length of load-water line, breadth, 
area of the load water line, and circumscribing 'parallelogram, are 
given. It is given more as a matter of curiosity than of utiKty, 
the last two columns being those only which from the regularity 
would appear to be applicable. The average proportion of the 
area of the midship section to the area of the load water line is 
•0966; but extracting those cutters marked with a * as being 
superior in point of speed and handiness to the others, the average 
is '1054, whilst the average of the selected schooners is '86, the 
general mean being '0974, or about 1-1 0th, which last quantity is 
probably a very good proportion. 

The ratio of the area of the midship section to its circumscribing 
parallelogram averages '5872, for the selected cutters it is '5921, 
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and for the schooners '6003, the general average being 597 or 
• 6, which may be accepted as a good proportion. 



Tablk I. 



Yachts' Names. 



Mazeppa 

Gleam 

Calypso* 

Romulus 

Vesper* 

Blue-eyed Maid . . .. .. 

Zuleika 

Thought* 

Cygnet* 

Princess Olga 

Dauntless 

Dolphin 

Breeze* 

Raveu 

Emerald* 

Tern 

Mosquito* 

Nautilus* 

Dream 

Pearl* 

Dwarf 

Kite 

Coquette 

Anonyma 

Waterwitch* 

Prince de Neufchatel 

Royalist 

Falcon 

America* 

Mary Taylor* 

Titania : 

iErminia* 

Fair Rosamond* 

Novice 

Lotus 

Xarifa 



m 



•0568 
•0492 
•0527 
• 0426 
•0489 
•0525 
•0384 
•0350 
•0331 
•0302 
•0249 
•0280 
•0286 
•0260 
•0272 
•0270 
•0306 
•0247 
•0245 
•0242 
•0213 
•0215 
•0193 



m 
T" 



•600 
•737 
•735 
•921 
•653 
•605 
•777 
•746 
•034 
•009 
•953 
•916 
•993 
•551 
•529 
•989 
•255 
•305 
•436 
•657 
•908 
•840 
•639 



m 

IT 



2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
5 
2 
3 
4 
4 
3 
4 
4 
4 
5 
5 
5 
5 



•000 

•646 

•500 

•780 

•441 

•934 

•255 

•387 

•178 

•005* 

•798 

•849 

•650 

•482 

•700 

•776 

•856 

•282 

•826 

•549 

•400 

•253 

•947 



m 
IF 



•090 
•111 
•110 
•105 
•101 
•137 
•109 
•101 
•117 
•104 
•140 
•073 
•088 
•096 
•108 
•089 
•116 
•100 
•100 
•108 
•101 
•096 
•091 



m 



bXh 



•0134 


1 


•729 


6 


571 


•077 




•0171 


2 


•262 


7 


•000 


103 




•0131 




•221 


5 


•316 


065 




•0177 




•407 


4 


•895 


077 




•0130. 




•929 


7 


•200 


083 




•0200 




•177 


4 


•628 , ' 


082 




•0268 




973 


3 


•316 1 • 


077 




•0203 




084 


4 


•850 1 ' 


119 




•0171 




489 


6 


050 ' ■ 


087 




•0204 




116 


4 


014 


081 




•0238 




055 


4 


•300 


087 




•0170 




355 


5 


551 


•085 




•0163 




490 


6 


•120 


085 


• 



•6335 
•5695 
•6250 
•6043 
•5086 
•6557 
•5424 
•4771 
•5763 
•5963 
•6436 
•6331 
•6000 
•5859 
•6485 
•6107 
•5851 
•6345 
•6109 
•6936 
•5692 
•5659 
•6195 



•6308 
•6277 
•6020 
•5910 
•6293 
•5645 
•6378 
•4795 
•6303 
•5317 
•6187 
•6100 
•6800 



With the same displacement an increase of the area of the midship 
section will cause finer lines at the extremities, and give more room 
below, at that part of the vessel about which the section is placed ; 
but the further consideration of this subject is more immediately 
connected with the form of the midship section — which demands 
most careful attention, as to a great extent this governs the shape 
of .the vessel for at least some distance before and abaft it, and to a 
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very great extent the rolling, direct resistance, lateral resistance, 
and stability are affected by the form of the midship section. 

The breadth at the load water line has been mentioned as the 
only dimension in this respect useful to the constructor, because so 
long as the vessel is upright this is the only breadth included in 
his calculation. Opinion is much divided as to whether the greatest 
breadth should be above, below, or at the load water Une. Theory 
is very decided in fixing it at the latter point. Sir W. Symonds, 
a late Surveyor of the Navy, considered that the broadest place 
should be from six to eight inches above the water, and others whose 
experience demands the greatest attention, declare that greater sta- 
bility is obtained when the main breadth is above the water line. 
It is perfectly true that a vessel with increased breadth put of water 
will be more stable than a vessel without the increased breadth, but 
it is obvious that the breadth will be more serviceable if it is always 
immersed, instead of being brought into action only when the vessel 
has acquired a certain inclination. There are certainly many fast 
yachts, such as the * America,' with the greatest breadth above the 
line of flotation ; but again, many others, as the ' Mosquito,' equally 
successful, are constructed on the opposite principle : hence we may 
fairly conclude that practice being divided on this point, theory 
brings the balance in &vour of the greatest breadth at the load 
water line. 

It is desirable that very httle change of form should foUow a 
slight inclination, as the constructor, may then rely that within the 
limits of that inclination at all events his vessel will possess the 
qualities his calculations refer to ; that part of the midship section 
which is immersed, and that which is immersed when the vessel 
inclines about 10 degrees, should therefore be as nearly alike as 
possible; this is sometimes not consistent with the shape of the 
section of a yacht, but the constructor should nevertheless bear it 
in mind when it is practicable. Proceeding downwards, the midship 
section may be drawn of such form as the experience or fimcy of 
the designer may suggest, remembering that the vessel moves by 
displacing the water, and as the depth increases each particle dis- 
placed has to move an increased column of water, and that therefore 
it is advisable to make the section very fine towards the keel, leaving, 
however, sufficient room that the ballast may be stowed as low down as 





18 A TREATISB ON YACHT BUILDING. 

possible, and not forgetting that it is desirable to have good room 
at the cabin floor. As the form of the other sections partakes to a 
considerable extent of that of the midship section, it is partictdarly 
important to give it such a shape that the whole side of the vessel 
may present the greatest possible amount of lateral resistance with 
the least direct resistance. To ensure this, a gradual tumble home 
from the water line upwards is to be recommended, as the vessel 
will, when inclined, thus present a considerable part of her lee side 
perpendicularly to the water ; and moreover by tumbling home, the 
topside, that part which is just above the water, is made to assimi- 
late more nearly to that immediately below, which, as before stated, 
is desirable. 

The tumble home will also to some extent prevent the water 
appearing on deck so soon when the vessel is inclined ; but by car- 
rying to too great an extent, some of the useful room on deck is 
sacrificed. 

Load Water Line. 

The ratio of the area of the load water line to the displace- 
ment, area of midship section, and circumscribing parallelogram, in 
several well-known yachts, is given in the following Table, where 
W is the area of the load water line, D the displacement in cubic 
feet, M the area of the midship section, I the length, and h the 
breadth. 

The last column only appears to follow any regular law, and 
from it we find that the average proportion of ,the area of load 
water line to a circumscribing parallelogram is for the cutters • 734, 
for the schooners it is -7423, the general mean being '737; but 
extracting the best yachts, the average is '7021. We may therefore 
coYiclude that * 7 is a good proportion, as some of the vessels in- 
cluded in the following Table are old-fashioned, and have a greater 
area of water line than is usual in yachts constructed more recently. 
By increasing the area of water line the resistance and stability are 
increased, but the further consideration of this point is more appli- 
cable to the question of the form of the load water line, and on 
this subject attention should be given to the great change made 
within the last few years. Formerly it was thought necessary to 
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TABLE n. 



Yachts' Names. 



D 



M 



Mazeppa 

Gleam 

Calypso* 

Romulus 

Vesper* 

Blue-eyed Maid 

Zuleika 

Thought* 

Cygnet* 

Princess Olga 

Dauntless 

Dolphin 

Breeze 

Raven 

Emerald* 

Tern 

Mosquito* 

Nautilus* 

Dream 

Pearl* 

Dwarf 

Kite 

Coquette 

Anonyma 

Waterwitch* 

Prince de Neufchatel . . 

Royalist 

Falcon .. 

America* 

Mary Taylor* 

Titania 

Erminia* 

Fair Rosamond* 

Novice 

Lotus 

Xarifa 



•6300 
•4430 
•4794 
•4080 
•4806 
•3821 
•3514 
•3468 
•2836 
•2892 
•2096 
•3871 
•3269 
•2710 
•2510 
•3049 
•2637 
•2481 
•2458 
•2246 
•2084 
•2238 
•2119 



• 1755 
•1659 
•2029 
•2310 
•1578 
•2441 
•3450 
•1710 
•1975 
•2535 
•2725 
•1994 
•1922 



W 



11- 


039 




9- 


000 




9- 


085 




9- 


566 




9' 


820 




7' 


274 




9- 


138 




9' 


883 




8' 


566 




9' 


559 




7 


124 




13 


791 




11 


402 




10' 


•422 




9 


220 




11' 


276 




8 


•604 




10 


•037 




10 


033 




9 


•270 




9 


•911 




10 


•404 




10 


•976 





13-000 
9-700 
15^424 
13-007 
12^096 
12^197 
12-880 
8^380 
11-495 
12-380 
11-424 
11^728 
11^812 



•7199 
•6702 
•6366 
-7286 
-6479 
•7683 
-7254 
-6642 
-7032 
•7585 
•7565 
•7494 
•7328 
•8168 
•7500 
•7198 
•7058 
•6822 
•7668 
•7815 
•7785 
•7631 
•8568 



•7594 
•7621 
•7593 
•7960 
•8515 
•6470 
•7003 
•7481 
•7543 
•6582 
•7500 
•7365 
•8032 



have a foil water line forward ; with a high and full deck, the mast 
stepped well forward, and the weights being thus concentrated 
nearer the bow, a full water line was required to carry these weights 
and to overcome their momentum in pitching. 

For some years there has been a tendency to make the bow finer, 
and to reduce the pitching by making the bow lighter, and with- 
drawing all the weights more towards the middle of the vessel. 
Genersd attention has now been directed to the advantages of the 

2 
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fine entrance; it is fonnd that the resistance being disseminated 
over a considerable portion of the length is greatly conducive to 
velocity ; that instead of forcing a large wave immediately about the 
stem, and thus increasing the direct resistance, the fine bow creates 
a surge at some distance abaft, and although this causes some in- 
creased resistance to progressive motion, yet it also increases the 
resistance to lateral motion ; that the vessel is not so liable to be 
struck heavily by a sea, as she offers an obUque side to the action of 
the waves ; and that she will ride much easier at anchor, because 
the seas instead of striking her bluff bow are spUt by the finer one. 
On the other hand, in adapting the sharp water line to sea-going 
vessels, considerable care is required in adjusting the weighty on 
board so as to reduce their momentum in pitching. 

There are many persons who still think a bluff bow desirable, 
nor must it be forgotten that, apparently, theory indicates such a 
form as correct The experiments of Colonel Beaufoy, made at the 
latter part of last century, have been received as conclusive proof of 
the fiict that there is less resistance offered to a body in its passage 
through the water with its more obtuse end towed forward, than 
when its position is reversed, and the smaller end towed first. In 
these experiments a block model was made of certain dimensions, 
and secured to a bar by which it was immersed some considerable 
distance below the surface of the water, and in this position it was 
towed at various velocities. Now, although the results of the expe- 
riments are conclusive enough so far as they go, still as the whole 
machine was under water, the increased resistance due to the surge, 
raised above the water line at the bow, in a vessel is wholly omitted ; 
yet this increase of resistance must be very great, and would most 
probably be found to vary directly as the bluffness of the bow in- 
creased, and the practical utiUty of the series of experiments is 

therefore almost nullified. Take for example 
the model D a with the fuller end D for- 
"'--'* ward, the resistance at eight knots per hour 
is 43*47 lbs., but with a (the finer end) 
forward it is 43 * 62 lbs. The models were one foot deep, and 
were immersed six feet below the surface: the plus pressure, or 
actual resistance on the bow, deducting friction, &c., when D is 
forward, was found to be 35 * 34 lbs. ; and assuming that the bow 
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surge would cause an additional pressure to the extent of one- 

35*34 
eighth, we have a total resistance of 43*47 H 5 — =47 '89 lbs. 

o 

The plus pressure when a is forward was found to be 30 * 67 lbs. 
Therefore we have in this case a total resistance of 43 * 62 -| ^ — 

o 

= 47 '45 lbs., thus reversing the results of the experiments. 

Other experiments made in England and abroad, at various 
times, are said to prove the superiority of a full bow ; but there 
certainly is some error in the results, or in the mode of conducting 
the experiments, because the results of practice are so invariably of 
an opposite tendency. Even in river steamboats, where from the 
smoothness of the water, and the manner of applying the propelling 
power, we might naturally be led to expect a complete and satis- 
factory confirmation of the advantages of the theoretic water line, 
we find that, cseteris paribus, the finer lines are productive of greater 
velocity. In yachts this has long been admitted, and now that the 
quaUties of sea-going vessels have been well tried by the competi- 
tion between the passenger vessels to Austraha, America, and other 
countries, the stoutest advocates of the old bluff bow have been com- 
pelled to change their system. 

Where speed is the principal object it would seem that a slight 
hollow or concavity may be given to the water lines forward. The 
* Mosquito,' ' America,' and other fiist yachts are successful examples of 
this peculiarity : the extent to which the hollow may be carried has 
not been so satisfactorily determined ; some recently-built yachts 
with an exaggeration in this respect appear not to have answered 
the expectations of their constructors. The straight ofhreadth, or 
that part of the side where the greatest breadth is extended for 
some distance lengthways, is now seldom seen in yachts, the water 
lines gradually increasing in breadth from the stem to the place of 
the greatest beam, and thence gradually receding towards the stem, 
the after part seldom having any hollow ; for although a full after 
body may be injurious to speed, it is found not to be so much so as 
a fall bow, and as the body must be placed somewhere, the load 
water line aft is generally made fuller than at the bow. Finally, 
the constructor should, when forming the water line, keep in mind 
any peculiarities of his vessel, either as to the disposition of the 
weights on board, the rig, or the room required below. 
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The angle made by the load water line with the middle line of 
the half-breadth plan in a few good examples is as follows : — 



Yachts' Names. 


Angle of Load Water Line 
Forward. 


Angle of Load Water 
Line Aft. 


Aurora Borealis .. 

America 

Mary Taylor 

Mosquito 

Cygnet 

Thought 

Vesper 


Dfg. 

14 4 ins. hollow .. 

16 J 7 ins. „ 

20 2 ins. „ 

17 J 2 ins. „ 

24 straight .. 

13 3 ins. hollow .. 

20 straight .. .. 


Deg. 

33 round. 

28 straight. 

45 round. 

50 „ 

23 square tuck. 

37 round. 

28 straight. 



Centbe op Gravity op Displacement. 

The position of the centre of gravity of displacement is of great 
importance ; it is therefore very desirable that the constructor should 
have sufficient data on the subject to enable him to determine its 
position. From the Tables of Construction we find that the dis- 
tance of the centre of gravity of displacement from the foremost 
extremity of the load water line varies very considerably in good 
yachts. The distance is from '55 to '49 of the length in schooner 
yachts, the former quantity being found in the best examples, 
* America,' * Mary Taylor,' and others. For cutters this is quite 
as variable, from '54 to '47; but in the best and fastest yachts, 
such as the 'Pearl,' 'Mosquito,' &c., it closely approaches the 
former proportion. 

Taking eight of the fastest vessels, the average distance is * 52. 
In comparing the position of this point it should however be recol- 
lected that its apparent position is much affected by the raking 
stem-post. 

The centre of gravity of displacement must not be confounded 
with the centre of gravity of the ship, the former being the centre 
of the fluid displaced by the immersed portion of the vessel, and 
ascertainable by calculation, whilst the latter is the centre of the 
whole machine, hull, sails, ballast, ropes, &c. The centre of gravity 
of the whole vessel cannot be accurately ascertained, but when the 
vessel floats upright its position as to length and breadth will be in 
the same vertical as in the centre of gravity of displacement. Many 
experiments have been made with the view of finding its position 
as to height, the results showing that in vessels of war it may be 
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estimated at about six inches above the load water line ; for a yacht 
it would probably be lower, and in such a vessel, if we assume it to 
be at the load water line, we shall most Ukely be but little from the 
truth : this is however merely conjectural. The centre of gravity 
of dispkcement is the centre from which the vessel oscillates longi- 
tudinally, and the greater or less violence with which she will pitch 
at sea depends on the adjustment of the weights on board, and on 
the position of the centres of gravity of displacement of the fore and 
after bodies, in relation to the centre of gravity of displacement of 
the ship. No rule can be laid down for the proper relative adjust- 
ment of these centres, as it depends upon the concentration or 
dififusion of the weights composing the whole displacement, whether 
they are nearer to or farther from the centre of gravity of dis- 
placement; but generally when the bow and stem are built of 
light material, the mast or masts near the middle, and the ballast 
and other weighty matters kept from the extremities, the centres of 
either body may be nearer the common centre, and vice versa. 

Mr. Fincham, the constructor of many large schooner yachts, is 
of opinion that the centre of gravity of displacement should be con- 
siderably before the middle. In treating on this subject he says, 
" The particular condition aimed at in the alterations which were 
made in successive constructions was, excellence in the general mo- 
tions of the vessels at sea. To eiOfect this, the relative position of 
the centre of gravity has been determined farther forward by in- 
creasing the fulness of the fore body forward at the lower part ; the 
limit may not perhaps have been determined yet." He then goes 
on to prove this assertion by accounts of the performances at sea of 
several schooner yachts constructed by him, and shows that ease at 
sea was obtained in proportion as the fulness of the fore body in- 
creased. But he has omitted the most important consideration of 
speed, and the ease at sea may not be attributable so much to the 
fulness forward, as to the consequent slowness of the yachts quoted 
by him in support of his views : for it should always be recollected 
that a slow vessel is pretty sure to be easy and dry at sea, because 
she does not strike the seas with so much force as a &st vessel. 
No praise can be higher than that given to the * Americti ' by her crew 
irfter a voyage up the Mediterranean, yet her centre of gravity of 
displacement is four feet abaft the middle, and in her we had speed 
combined with sea-going quaUties to a remarkable degree. The 
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' Mary Taylor,' if report is to be believed, is eminently easy and 
fast at sea, with the centre of gravity three feet abaft the middle. 

The position of the centre of gravity of displacement may there- 
fore be established at about ' 02 of the length of the load water line 
abaft the middle, when the vessel is fitted and rigged in the ordinary 
manner; and without great attention to the adjustment of the 
weights on board, the customary proportions should not be departed 
from. 

The Inclined Water Line. 

Of course the form of that part of a sailing vessel immediately 
above and below the water line, which is immersed or emersed when 
the vessel inclines, should demand as much attention from the con- 
structor as the form of the load water line itself, for unless the 
several centres of gravity maintain the same relative positions after 
the inclination, the constructor's care in designing his vessel is ren- 
dered nearly useless. If the bow is too full above water, the 
inclined line may present a very bluff opposition, although the hori- 
zontal lines are sufficiently fine : this is particularly remarkable in 
vessels with very hollow water lines near the bow ; and for this 
reason such yachts are found to sail well when they are kept up- 
right, or in light winds ; but upon the breeze freshening, or when 
opposed to a head sea, they lose their advantages. The constructor's 
aim should be to give the inclined water line the same form as he 
thinks desirable for the load water line when the vessel is upright. 

When a surge is formed on the lee bow the resistance to lateral 
motion is increased forward, and if the centres of effort, and of ver- 
tical longitudinal section, were properly adjusted before this surge 
was made, the balance is destroyed afterwards, and the resultant of 
the resistance passing farther forward, the bow will have a tendency 
•to fly up to the wind, or rather the stem will drive to leeward 
faster than the head — this is one principal cause of a vessel carry- 
ing a weather helm — and the surge increasing as the speed and 
inclination, unless the balance be restored by a readjustment of the 
proportions of fore and after sail, the vessel will require more 
weather helm to keep her in the line of her course ; but if this 
surge can be made to approach nearer the middle of the vessel its 
effect in turning her will not be so great. This can best be effected 
by having a hollow water line forward ; but a difficulty here pre- 
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sents itself, inasmuch as we require that the horizontal lines above 
water forward should be of sufficient fulness to afford room on deck, 
and also proper support to the vessel, and prevent her plunging 
into the waves. 

It is for the constructor to reconcile these opposite conditions ac- 
cording to the requirements of his vessel. Generally a schooner is 
supposed to require rather more fulness above the water line than a 
cutter, on account of the additional weight of her fore-mast. 

The inclined water line at the stem, if made too full, will cause 
a large wave to be dragged along with the vessel on her quarter, 
producing the same effect as if a boat or some heavy mass were 
towed from the lee quarter, and thus giving the vessel a lee instead 
of a weather helm. In the * Cygnet ' this was very remarkable ; in 
fact, when heavily pressed she would " run off her helm " to an 
absolutely dangerous extent; the wave in question occasionally 
rising level with the rail, and even coming over the bulwarks. To 
remedy this defect I altered the stern as shown in Pkte 6, and the 
result was highly satisfectory in every respect ; the obnoxious wave 
disappeared, leaving the vessel for more handy and ohedient to her 
helm. 

The * Mosquito ' and many other yachts are remarkable for this 
defect, the cause of which may generally be detected in the fulness 
of the inclined water line ; but it does not always follow that the 
vessel is too full above water. If a part of the fulness were taken 
away the vessel might only drop farther into the water when 
pressed with sail, and the evil might be increased rather than 
diminished. 

This wave must not be confounded with another wave which is 
formed just astern, and follows the counter, the appearance of 
which may rather be taken as a proof that the velocity is great, and 
we may conclude that, although not a necessary consequence, it is 
an indication of great speed. The extent of the following wave 
will much depend upon the proportion the breadth bears to the 
distance &om the main breadth to the stem, and it will be more 
remarkable when the draught of water is small, and the centre of 
gravity of displacement is fiirther aft, or when the after body is 
full. Of course it must be disadvantageous to velocity when a 
mass of water is dragged after the vessel ; but it seems probable 
that the stern wave will always be present in vessels of a certain 
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construction, when a high velocity is acquired, even though the 
vessel is upright, as in the case of the fieist river steamboats ; and 
we may probably accept the appearance of this wave as a proof 
that the resistance forward is sufficiently small to allow of a certain 
speed being obtained, as indicated by the wave : if so, this formid- 
a^foUo^ig surge is not so detineixtal as at first sight would 
appear ; nevertheless, it is desirable to reduce it, if possible, as a 
mass of water cannot be set in motion without some power ex- 
pended, and this power must be derived from the vessel, as the wave 
is occasioned by the water rushing to fill up the hollow space left 
by the vessel in her passage through the water. It must be recol- 
lected, however, that the two waves are quite distinct, — the stern 
surge will always be present to some extent when the vessel has 
acquired a certain high velocity ; but the generation of the quarter 
wave may be prevented by care in designing the immersed water 
line; and by comparing it with that of other yachts known to 
leave the water cleanly. 

Stability. 

It is usual in treatises on Naval Architecture to occupy much 
space in giving rules for measuring the stability of a vessel by cal- 
culating the height of the metacentre above the centre of gravity. 
The position of the metacentre can always be found, though the 
calculation is somewhat laborious ; but as it is practically impossible 
to ascertain the position of the centre of gravity of a vessel, it is 
useless to ascertain the position of the metacentre ; besides which, 
if we knew the position of the centre of gravity it would still be 
necessary to calculate the metacentre for every incKnation to which 
the vessel may be subject ; an operation fiir too difficult and labo- 
rious to be undertaken when its results are of such very doubtful 
value ; we must therefore be content to take care that the breadth 
of the vessel, and the position and weight of the ballast are such 
as by comparison with other vessels are likely to ensure sufficient 
stability. 
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THE EUDDEE. 

With respect to the rudder, the size, shape, and mode of suspension 
are to be considered. There is this obvious advantage in a wide 
rudder, that when not in action it certainly does no harm ; in fact it 
rather increases the lateral resistance, and that when it may be ne- 
cessary to turn a vessel sharply, it is of very great advantage ; but 
there is a limit to the width, as a wide rudder is likely to be carried 
away when a vessel gathers stem-way in a heavy sea. The width 
of the rudder perpendicular to the stem-post should be about one- 
twentieth of the length of the vessel : but for smooth-water vessels 
it may be made wider. 

It has lately been the feshion to round off the rudder at its lower 
after part, but there appears to be no reason why the rudder should 
not be of the same width for all its length below the water line ; in 
&ct, it seems reasonable to suppose that the lowest part of the rudder 
produces the most effect, as the water passes by it more freely and 
undisturbed. As fox as I have been able to ascertain, the sole reason 
for thus rounding off the heel of the rudder is, that some old timber 
ship is said to have steered much better on one particular voyage 
after the lower part of the rudder was carried away. 

The square-headed rudders generally in use are weak and clumsy ; 
the head is cut away for the pintle and brace, so as to reduce a ten- 
inch rudder head to the strength of one of six or seven inches, and 
the rudder tnrnk is necessarily large enough for an ordinary-sized 
man to tumble through. By substituting a round head of less dia- 
meter, and letting the main piece run down in such a manner that 
the pintles and braces are scored into the chocks, the rudder is at 
once stronger and neater in appearance. 

Many calculations have been made to ascertain the precise angle 
at which the rudder produces the greatest effect, but as hitherto 
made they seem to be erroneous, as they assume the rudder to be a 
plane, moving freely through the water ; but it is certainly nothing 
of the kind. 

Whenever the rudder is moved out of the line of the vessel's 
wake, there is a mass of water stopped in the angle between the 
rudder and the deadwood : this body of water then becomes the effec- 
tive sur&.ce, and neither its volume or shape can be ascertained, nor 
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an idea of its action formed : hence any calculations founded on the 
assumption that the rudder is a plane, revolving on the' stern-post, 
must from their fellacious premises lead to deceptive and wrong 
conclusions. 

This is a point of considerable importance, and I may be excused 
for wandering from the more immediate subject, to observe that the 
hole in the deadwood of a screw steamer must undoubtedly affect 
the steering -to a great extent, as thereby the mass of water before 
alluded to is prevented from accumulating, and the vessel is acted 
upon by the rudder alone. This point has escaped the notice of 
writers on Naval Architecture, at least I have never seen it men- 
tioned ; practically it has possibly been noticed in the case of the 
river barges on the Thames, many of them having a large piece 
taken out of the deadwood for the purpose of assisting the steering. 
As this is the result of experience it affords a strong confirmation'of 
the truth of these remarks. 

The yacht owner should not be hasty in altering his vessel on 
account of bad steering. Many vessels require " humouring," in 
order to make them steer and stay properly, and this can only be 
found out by experience. Others may require a slight alteration in 
the trim or arrangement of sail, but as yachts are usually built they 
can always be made to steer and stay tolerably without any serious 
alterations. I was once consulted about a yacht as to improving her 
sluggishness in stays, and recommended an additional six inches to 
the width of the rudder. This only increased the evil, for whereas 
the vessel stayed slowly, but surely, before the addition, she now 
invariably flew head to wind when the fore-sheet was let go. I then 
found that the rudder completely stopped her in the time she was 
going about, and consequently the main-sail forced her head to wind 
before she could gather sufficient way to enable the rudder to coun- 
teract this effect. But by moving the rudder gradually and not 
entirely over to the side, and by not allowing the fore-sail to draw 
aback, the vessel did not lose her way, and became not only certain 
but quick in tacking. This is merely mentioned to show how easily 
a yacht owner may be deceived, and may be led to attribute some 
apparent defect in the working to the vessel, instead of to the care- 
lessness of his crew. 
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CENTEE OP EPPOKT. 

When a vessel is in motion we may consider her as acted upon by 
two forces — the pressure of the wind on the sails and the resistance 
of the water on the hull — for the present purpose neglecting the 
effect of the wind on the hull and rigging, and the resistance of the 
air, and considering the pressure of the wind and the resistance of 
the water to be each horizontal. Now in accordance with a well- 
known principle in mechanics, the pressure of the wind on the sails 
may be resolved into two forces : one parallel to the middle line of 
the vessel, the other perpendicular to it. Now the resolved part 
of the pressure of the wind parallel to the middle line will be in 
equilibrium with the resolved part of the resistance parallel to the 
middle Kne, and will, subject to certain modifications hereafter re- 
ferred to, be employed in forcing the vessel ahead. With these 
resolved parts of the forces we have nothing further to do at present, 
but proceed to treat of the resolved parts perpendicular to the 
middle line, which in accordance with another well-known principle 
in mechanics may be considered to be collected at one point, which 
is called the eerdre of effort ; and the resolved part of the resistance 
perpendicular to the middle line may also be considered to be col- 
lected in one point ; and this point is called the centre of lateral 
resistance. It is then obvious that, unless these two centres are in 
the same vertical, the vessel will have a tendency to turn about some 
vertical axis. Thus, if the centre of effort is before the centre of 
lateral resistance, the vessel will have a tendency to fe.ll off from the 
wind ; if the centre of effort is abaft the centre of lateral resistance 
she will have#i tendency to come up into the wind. Of course these 
tendencies can within certain limits be counteracted by the rudder, 
but still it is necessary so to arrange the centres that these limits 
shall not be exceeded, and also so as not to require the rudder to be 
too much out of the line of the vessel's course, as it is evident that 
the rudder when not in the line of the course must tend to stop the 
vessel. Theoretically, the rudder ought to be exactly in the line of 
the course, but for some reason not well understood, it is certainly 
better in practice that the rudder should be a little to leeward of 
the line of the course, or in other words that the vessel should carry 
a little weather helm. 
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It shonld be observed that although the sails are never in the 
middle line of the vessel, nor exact planes, still the centre of effort 
is always calculated as if the sails were planes, and in the middle 
line of the vessels. Theoretically also, we have no means of ascer- 
taining where the centre of lateral resistance may be, but it is 
always taken to be at the centre of the vertical longitudinal section 
immersed ; and though there is little or no reason to suppose that 
these are the real centres, still it is probable that for vessels of the 
same class these centres preserve a fixed relation to the real centres, 
and therefore that by comparing the relative positions of these 
centr-es in different vessels we shall obtain a tolerable idea of the 
relative positions of the real centres. It will be seen by reference 
to the following Table that this is the £a.ct, and that in ordinary 
vessels the centre of effort is nearly in the same position with 
respect to the centre of gravity of longitudinal section immersed. 



Yachts. 



Vesper, cutter* : — 

Four large sails 

Three working sails . . 

Calypso, sloop* 

Cygnet, cutter : — 

Four large sails 

Three working sails . . 
Mosquito, cutter f : — 

Four large sails 

Three working sails . . 
America, schooner ; — 

Three sails 

Mary Taylor, schooner : — 

Three sails 

Falcon, ship 

Titania, schooner 



Distance of Centre 

of Effort from C<?ntre 

of Longitudinal 

Vertical Section. 



feet. 



4-98 abaft 



Height of 

Centre of 

Effort above 

Load Water 

Line. 



315 
2-21 

1-00 
2-14 

1-38 
115 

•55 

•20 
10-00 before 
4-50 „ 






feet. 

27 
19 
20 

32 
24 

39 

27 

31 

24 
47 t 



Area of 
Sails. 



sq. feet. 

1782 
1232 
1326 

3030 
2179 

4465 
3077 

5263 

2382 
9003 



• The * Vesper * and * Calypso * have rather too much weather helm. 

f The * Mosquito ' was well balanced ; with a steady breeze in smooth water she required very little 
weather helm. 

These examples are sufficient to show the relative positions of the 
centre of effort and centre of vertical longitudinal section. Of the first 
four vessels in the Table, excepting that the 'Vesper ' and ' Calypso ' 
carried rather more weather helm than was desirable, they were 
well balanced, remarkably quick in stays, and sailed well on a wind. 
It would appear that as the size of the vessel increases, the centre 
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of eflfort may be made to approach forward towards the centre of 
vertical longitudinal section, and even pass before it. It seems that 
for schooner yachts when their working sails are set, the centre of 
effort should come at about from • 006 to • 01 of the length of the load 
water line abaft the centre of vertical longitudinal section. This 
proportion may be rather increased for cutters to • 02 to • 05 of the 
length of the load water line. 

The height of the centre of effort above the centre of gravity of 
the vessel, multipUed by the area of the sails, gives the moment 
exerted in causing the vessel to incline from a vertical position. 
As, however, the centre of gravity of the vessel cannot be ascertained, 
the height of the centre of effort above the load water Une is 
generally taken instead. In determining the size and height of 
sail after making the requisite calculation of moment, the con- 
structor must attend to the shape of the vessel, and manner in 
which she is ballasted, and must be guided by his experience and 
by comparison with other known vessels. If yacht builders could be 
induced to pay more attention to the very important point of a 
proper arrangement of masts and sails, we should not have so many 
vessels compelled to shift or reduce their spars, to the great annoy- 
ance of the owner. The ' St. Ursula' was found to pitch excessively, 
and with the view of rectifying this defect her masts were consider- 
ably reduced, but the remedy was very partial ih its effect, as the 
real fault in all probability consisted in the position of the fore- 
mast, which was placed just over the forefoot : of course it was 
placed there by rule, but the framer of those rules never contem- 
plated such a sharp entrance and raking stem as was given to the 
' St. Ursula.' 

The shifting of a mast is an extensive alteration, as it generally 
involves the removal of a great portion of the cabin work, and 
therefore any little additional trouble in arranging the masts properly 
at first more than counterbalances the trouble and expense attending 
their mal-position. We seldom find a schooner that will work even 
tolerably well with all her fore-and-aft sails set, when she floats at 
her constructed water line, simply because the centre of effort is not 
near the centre of revolution. When this is the case some of the 
canvas cannot be set, or the vessel must be trimmed till the water 
line is different from that intended by the designer ; in the first case 
she has her wings chpped, and in the second, the most perfect form 
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may be made inferior from defective masting. In the ' Titania ' 
(No. 1), as designed, the centre of eflfort was 4 feet 6 inches 
before the centre of longitudinal section, in opposition to every 
established precedent; but after she was launched, by trimming 
the vessel and adjusting the sails, the centre of effort was brought 
to 1 foot 8 inches abaft; the centre of longitudinal section. 

The captain of the 'Alarm ' remarked that his vessel almost inva- 
riably went to windward better after the jib was taken off. This is 
easily accounted for, as the addition of the jib to the three lower 
sails of the * Alarm ' brings the centre of effort from 5 feet abaft 
the middle of the water line to 5 feet 6 inches before it. Thus 
assuming the vessel to be well balanced without the jib, we find the 
moment to turn the vessel on her longitudinal axis of rotation with 
three sails is 2894, and with the jib added it is 71928 ; the effect 
of this must be counteracted by the rudder, which is of course very 
prejudicial. It is by no means certain that a large fore-and-aft 
schooner would not sail as well as a cutter, but in order to ensure 
the result, the arrangement of sail of the schooner requires great 
nicety, so that the balance may not be disturbed when more or less 
canvas is set. 



ANGLE OP SAIL. 

The angle which the effective surface of each sail makes with the 
line of the keel, when the vessel is on a wind, should be carefully 
considered and arranged. To ensure unity of action the sails 
should be trimmed, so that tne wind may strike each of them in 
the same direction, otherwise some part of the propelhng power is 
wasted. The proper angle to which the sails should be braced 
depends on several circumstances, — the form of the vessel, the force 
of the wind, and the state of the sea; all have more or less influence 
in this particular. Don Juan, in treating of this subject, endeavours 
to prove that in sailing to windward in hght weather the yards of a 
ship should be braced to an angle of 28 degrees with the keel, and 
that in vessels adapted for swift sailing this angle should be consi- 
derably less. His vessels were probably very full at the bow. 

In the ' Mosquito ' the boom generally formed an angle of about 
10 degrees with the keel in light winds, a line drawn from the jib- 
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tack to the sheet-hole made an angle of 8 degrees, and the angle of 
foot of the fore-sail was 12 degrees : but the foot of the jib standing 
above and away from the sheet-hole widened the above angle, and 
although the boom made but an angle of 10 degrees, yet iie head 
of the main-sail of course flew off to a greater angle, and very 
probably the effective angle of each sail was about 13 or 14 degrees 
with the keel. 

Where the resistance to progressive forward motion is smaller in 
proportion to the lateral resistance, or in other words where a vessel 
is sharp and deep, the sails may be sheeted to a smaller angle, be- 
cause the vessel is more easily acted upon by that part of the wind 
which tends to force her ahead ; but when the area of lateral resist- 
ance is small, and the vessel is less adapted for swiffc sailing, if the 
angle of the sail is too small the resolved part of the wind exerted 
in forcing her ahead is not suflSciently large, whilst the resolved 
part forcing her to leeward is too large, and consequently she goes 
to leeward: hence it is that the sharp deep cUppers will bear. their 
sheets being penned more, and will sail nearer the wind than the 
shallower vessels ; the latter, if well constructed, being sometimes 
able to make up by their speed on the reach what they lose by not 
holding so good a wind. The builder should always take care that 
the jib-sheet holes and the bolts for the fore-sheets are so placed 
that the sails can, when required, be made to assume similar angles 
with the middle line ; and the owner of a yacht already built should 
look to this himself, for it is generally disregarded by the builders, 
and even by tolerably good sailors. Hence vessels are frequently 
seen vnth their sails standing at very different angles. The fore- 
sail is unquestionably the flattest sail of a cutter, and yet it is con- 
stantly complained of as not standing ; the truth is that the sail 
being shorter, and the vessel being widest near the fore-sheet, the 
fore-sheet bolts are usually so placed that the sail makes a much 
larger angle than any other sail with the middle line. 
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MASTS AND SPARS. 

The area of sail and consequently the length of the masts and 
spars of any particular vessel must depend upon the ability of the 
vessel to carry canvas, or her stiffiiess. This stiflEhess is produced 
in two ways, first by the size and form of the vessel, and secondly 
by the arrangement of the weights on board. As a general rule 
the stiffness or power of carrying sail is increased by increasing 
either: the length or breadth of the vessel. It will also be increased 
by lowering the centre of gravity of the vessel, and as the deeper 
a vessel is, the lower the centre of gravity generally will be, it may 
be supposed that the stiffness will be increased by increasing the 
depth. As therefore the stiffness and consequently the power of 
carrying sail is affected by length, breadth, depth, form, and dis- 
position of weights, it is obvious that any tables of proportions for 
spars calculated as they generally are from one or at most two 
linear dimensions of the vessel must be very fallacious. Moreover 
in the actual examples given in published works nothing more is 
stated than that a certain vessel was built and had certain sails 
made for her, leaving it uncertain whether she carried all of those 
sails, or how she answered with them. The only rational method 
of masting or sparring vessels is to take other nearly similar vessels 
whose performances are known, and to consider in what respect the 
intended vessel is Ukely to differ from the previous vessels, and to 
arrange the masts and spars accordingly. But without very con- 
siderable experience it would be impossible to proportion the masts 
by this method. Therefore, with the view of assisting the amateur 
in this matter, I have constructed the following Tables of proportions 
of spars which are to some extent dependent upon those dimensions 
of the vessel which affect the stability. 

Having calculated the moment of sail and height of the centre 
of effort for several yachts, of which the necessary particulars were 
known with sufficient accuracy, I endeavoured to ascertain whether 
any connection existed between these elements and the dimensions 
of the vessel, on which the stability mainly depends. I found that 
the product of the area of the load water line (I x b x '7), and the 
area of the vertic-al longitudinal section immersed (Z x h), gave a 
coefficient according to which the moment of sail varied with 
tolerable regularity. 



1st Ex. 


IndEx. 


3rd Ex. 


ft. in. 


ft. in. 


ft. in. 


70 


70 


65 6 


18 6 


18 6 


16 


9 


7 6 


7 6 


cueffident. 


. 
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MASTING SCHOONEB YACHTS. 

In constmcting the Table for schooners' spars I hare assnmed 
that the main-sail, fore-sail, and fore-staj-sail are th? sails which a 
schooner yacht can, or onght to, carry well, when the wind trarels 
at the rate of twenty miles per hour, eqnal to a pressure of 2 lbs. 
per square foot, according to Smeaton's experiments. The formula 
for working the Table will therefore be 

(/ X 6 *7) (/ X A) = the coeflBdent or number in the first column of the Tftble. 

Thus as an example : — 

Length of load water line (0 

Breadth at ditto (6) 

Mean draught of water (A) . . 

ft. ft. in. ft. ft. cueffident. ft. 

1st ex. (70 X 18-6 x -7) (70 x 9 ) = 571095— length of main-mast = 55*4 
2nd „ (70 X 18-6 x 7) (70 x 7*6) = 475912— „ * „ = 526 

3rd „ (65-6 x 16 x 7) (656 x 7*6) = 360031— „ ^ = 49*4 

The corresponding lengths of mast from Mr. Fincham's book are 
50*9 feet, 50*9 feet, and 44 feet. The advantage of the proposed 
method is, that any alteration in those dimensions on which the 
stability of a yessel is principally dependent is met by a correspond- 
ing alteration in the length of the spars, and consequently in the 
area of the sail. 

The proper position of the masts is a point of great importance, 
and is determined by the position of the centre of effort ; but as the 
rake of the masts varies considerably, it will be necessary to fix 
the place of the mast at the height of the centre of effort, and not, 
as is nsnal, op. the deck or water line. As a general mle the 
height of the centre of effort may be taken at half the bounded 
height of the main-mast above the water line, and at this height 
the main-mast should be placed at one-tenth of the length of the 
water line, abaft the centre of vertical longitudinal section immersed, 
and the fore-mast at ' 344 of the length of the water line before the 
main-mast. The distance from the fore-mast to the fore-stey at 
the above height varies according to the rake of the masts, but in 
vessels having the greatest rake this distance is equal to that 
between the masts. When the masts are more nearly perpendicular, 
this distance gives a very equilateral stay-sail, which is at least 
unfashionable, and it mav therefore be desirable to reduce the above 
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distance. In the Tables the ]ength of bowsprit end from the fore- 
mast is given, which is the only determinable limit I could decide 
upon, as it \b ridiculous to attempt fixing the length of bowsprit 
withont knowing the distance of the bitts fi-om the stem, besides 
the other particulara in each case. Tlie proportions in these Tables 
will give a tolerably well-shaped stay-sail, and with these dimen- 
sions the centre of effort of sail will generally be found to come 
very near its correct position, viz. ■ 006 of the length of the load 
water line abaft the centre of vertical longitudinal section. After 
the sail drawing is made, and the areas and moments calculated, if 
these centres are fonnd to be far from this established relative 
position, some alteration either in the area of the sails or the 
position of the masts and sails must be made, until the proper 
balance is obtamed. 

Although I have given the position of the masts in terms of the 
length of the load water line, yet this may not under every circum- 
stance be a correct measure, as the relative fulness of the fore and after 
bodies under water should have some influence in placing fhe uiasta. 

Peoportions and Diuensions of Spars fob Schooner Yachts. 



19 Mi 



lOOOOO 


29130 


120000 


SI442 


140000 


33754 


IGOOOO 


3i:0i;6 


180000 


38378 


200000 


40690 


220000 


43002 




45314 


200000 


47628 


280000 


4003B 


300DDO 


52250 


320000 


54562 


340000 


56874 


360000 


59156 


380000 


61498 


400000 


G3S10 


420000 


06122 


440000 


68434 


460000 


70746 


480000 


73058 



28-5' 14-3, 5* 
29-l{ 14-6 55 
29-6' US X 



32-3 16-2 61 
j[32'8 lS-4 62 
[ 33-4 167 63 
J ' 337 17-0, 64 
1 1 34-4 17-2 65 
I 36-0| 17-5 66 
i 85-5 17-8,67 
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Table III. — continued. 
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Unit 

W X area 

V. L. S. 



500000 
520000 
510000 
560000 
580000 

600000 
G20000 
G40000 
660000 
680000 

700000 
720000 
7400<:0 
760000 
780000 
800000 

82 000 
840000 
860000 
880000 
900000 
920000 

940000 

960000 

980000 

1000000 

1020000 

1040000 

1060000 
1080000 
1100000 
1120000 
1140000 
1160000 

1180000 
1200000 
1220000 
1240000 
1260000 
1280000 

1300000 
1320000 
1340000 
1360000 
1380000 
1400000 

1420000 
1440000 
1460000 
1480000 
1500000 



Moment of 
Sails. 


• 

Height of 
C.E. 


75370 


23-9 


77682 


24-15 


79994 


24-4 


82306 


24-65 


84618 


24-9 


86930 


25-2 


89242 


25-45 


91554 


25-7 


9386*i 


26- 


96178 


26-2 


98490 


26-5 


100.-02 


26-75 


103114 


27- 


105426 


27-3 


107738 


27-55 


1 10050 


27-8 


112362 


28-05 


114674 


28-35 


116986 


28-6 


119298 


28-85 


121610 


29-1 


123923 


29-4 


126234 


29-65 


128548 


29-9 


130S58 


3015 


133170 


30-4 


135482 


30-65 


137794 


30-95 


140106 


31-2 


142418 


31-45 


144730 


31-7 


147042 


32- 


149354 


32-25 


151666 


32-5 


153978 


32-75' 


156290 


33- 


158602 


33-3 


160914 


33-55 


16322«; 


33-8 


165538 


34-05 


167850 


34-3 


170162 


34-65 


172474 


34-b 


174786 


35-1 


177098 


35-35 


179410 


35-6 


181722 


35-85 


184034 


36-15 


186346 


34-4 


188658 


36-7 


190970 


37- 






•se 

O at 

ma 



3153 


53-6 


3216 


54-2 


3278 


54-8 


3340 


55-4 


3398 


56-0 


3450 


56-6 


3506 


57-2 


3562 


57-8 


3610 


58-4 


3670 


59-0 


3716 


59-6 


3768 


60-2 


3820 


60-8 


3860 


61-4 


3910 


620 


3958 


62-6 


4006 


63-2 


4045 


63-8 


4098 


64-4 


4135 


65-0 


4179 


65-6 


4215 


66-2 


4257 


66-8 


4300 


67-4 


4340 


68-0 


4377 


68-6 


4420 


69-2 


4452 


69-8 


4490 


70-4 


4528 


710 


4565 


71-6 


4595 


72-2 


4630 


72-8 


4666 


73-4 


4700 


74-0 


4736 


74-6 


4762 


75-2 


471^6 


75-8 


4830 


76-4 


48 


770 


4893 


77-6 


4925 


78-J 


4956 


78-8 


4980 


79-4 


5000 


80-0 


5040 


80-6 


5070 


81-2 


5000 


81-8 


5120 


82-4 


5 HO 83-0 ; 


5160 


83-6 



g 



6-9 
6-9 
70 
7-1 
7-2 

7*2 
7-3 
7-4 
7-5 
7-5 

7-6 
7-7 

7-8 
7-8 
7-9 
8-0 

8-1 
8-1 
8-2 
8-3 
8-4 
8-4 

8-5 
H'6 
8-7 
8-7 
8-8 
8-9 

9-0 
9-0 
91 
9-2 
9-3 
9-3 

9-4 
9-5 
9-6 
9-6 
9-7 
9-8 

9-9 
9-9 
100 
10-1 
10-2 
10-3 

10-3 
10-4 
10-5 
10-6 
10-6 



"Si 

•a a 



50-0 
51-2 
51-7 
52-3 
52-9 

53-4 
54-0 
54-5 
551 
55-6 

56-2 
56-8 
57-4 
58-0 
58-6 
59-2 

59-8 
60-3 
60-9 
61-4 
62-0 
62-5 

631 
63-6 
641 
64-7 
65-2 
65-8 

66-3 
66-9 
67-4 
680 
68-5 
691 

69-7 
70-2 
70-8 
71-3 
71-9 
72-4 

730 
73-6 
74-2 
74-7 
75-3 
75-8 



as 
a; 



6-6 
6-7 
6'S 
6-9 
7-0 

7-0 
71 
7-2 
7-3 
7-3 

7-4 
7-5 
7-5 
7-6 

7-7 
7-8 

7-9 
7-9 
g-0 
8-1 
8-2 
8-3 

8-4 
8-4 
8-5 
8'6 
8-7 
8-7 

8-7 
8-s 

8-9 
90 
91 
9-2 

9-3 
9-3 
9-4 
9-4 
9-5 
9-6 

9-7 
9-7 
9-8 
9-9 
9-9 
100 



75-4 101 
76-9 10-2 
77-5110-2 
780|10-3 
78-6 10-4 



Id. 

B o 

a*- 



21-4 
21-7 
21-9 
221 
i^2-4 

22-6 
22-8 
23-1 
23-3 
23-6 

23-8 
24-0 
24-3 
24-5 
24-8 
25-0 

25-2 
2.i-5 
25-7 
26-0 
26-2 
26-5 

26-7 
27-0 
27-2 
27-4 
27-6 
27-9 

28-1 
28-3 
28-6 
28-8 
29-1 
29-3 

29-6 
29-8 
30-1 
30-3 
30-5 
30-8 

310 
31-3 
31-5 
31-7 
320 
32-2 

32-5 
32-7 
32-9 
33-2 
33-4 



■ 

1 


I 


42-8 


19-2 


43-4 


19-5 


43-8 


19-7 


44-2 


19-9 


44-8 


20-1 


45-2 


20-3 


45-6 


20-5 


46-2 


20-7 


46-6 


210 


47-2 


21-2 


47-6 


21-4 


48-0 


21-6 


48-6 


21-8 


49-0 


22-0 


49-6 


22-2 


50-0 


22-5 


50-4 


22-7 


51-0 


22-9 


51-4 


231 


52-0 


23-3 


52-4 


23-5 


53-0 


23-7 


53-4 


24-0 


540 


24-2 


54-4 


24-4 


54-8 


24-6 


55-2 


24-8 


55-8 


250 


56-2 


25-2 


56-6 


25-5 


57-2 


25-7 


57-7 


25-9 


58-2 


26-1 


58-7 


•26-3 


59-2 


26-5 


59-7 


26-7 


60-1 


26-9 


CO-6 


27-2 


61-1 


27-4 


61-6 


27-6 


62-2 


27-8 


62-6 


28-0 


63-0 


28-2 


63-5 


28-4 


640 


28-7 


64-5 


28-9 


64-9 


29-2 


65-5 


29-4 


65-9 


29-6 


60-4 


29-8 


60-5 


30-0 



in 

OS 

to 

I 



18-7 
18-9 
19-2 
19-5 

19-7 

19-9 
201 
20-3 
20-5 
20-7 

210 
21-2 
21-4 
21-6 
21-8 
22-0 

22-2 
22-5 
22-7 
22-9 
231 
23-3 

23-5 
23-7 
24-0 
24-2 
24-4 
24-6 

24-8 
25-0 
25-2 
25-4 
25-6 
25-8 

260 
26-2 
26-4 
26-6 
26-8 
27-0 

27-2 
27-4 
27-6 

27-8 
28-0 
28-2 

28-4 
28-6 
28-8 
290 
29-2 



(2£ 



35-5 
36-0 

33-5 

37-1 

37-6 
38-2 
38-7 

39-2 
39-7 
40-2 
40-8 

41-3 
41-8 
42-4 
42-9 

43-4 
44-0 
44-5 
45-0 

45-5 
46-1 
46-6 
47-1 

47-7 
48-2 
48-8 
49-3 



If 



17-8 
18-0 

18-3 

18-C 

18-8 

19-1' 

19*4 

19-6 
19-9 
20-1 
20-4 

20-6 
20-9 
21-2 
21-5 

21-7 
22-0 
22-3 
22-5 

22-8 
231 
23-3 






67 

68 

69 
70 

71 
72 
73 

74 
75 
76 

77 

78 
79 
80 
81 

82 
83 
84 
85 

86 
87 
88 



23-6 89 



23-8 
24-1 
24-4 
24-6 



90 
91 
92 
93 



49-8 24-5 94 
50-4 25-0 95 
50-5 25-2 96 
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Bake of Masts. 

Although it is customary to rake a schooner's masts, yet no 
satisfactory reason for so doing has hitherto been given. It is 
probable that the masts of a certain vessel or vessels, having been 
placed by rule too far forward, it was found that such vessels were 
greatly improved by raking the masts, or in other words by moving 
the centre of effort of sail farther aft, and at the same time 
diminishing the momentum in pitching. Probably the first vessels 
» in which the masts were made to rake, were an improvement on 
the older form, had a longer bow, with a less proportionate draught 
of water forward, and consequently such vessels required to have 
their centre of effort and their heavy weights farther aft, and sailed 
faster and worked quicker than others of similar construction with 
upright masts ; and the speed was attributed to the raking masts, 
instead of to the improved form of vessel which originated the rake 
of mast. If there is any real advantage in raking a schooner's 
masts, the same arguments must hold good as applied to a cutter ; 
but a more wise policy is observable in the latter class of yachts 
where, instead of raking the masts, the centre of effort is brought 
farther aft, by placing the mast and sails farther from the foremost 
extremity in proportion as the bow is made more sharp. There 
may possibly be some sUght advantage in raking the masts in the 
way of easing the pitching, but practically the disadvantages are 
great ; the masts must be longer and heavier ; it is impossible to 
have good top-masts, and there is considerable difficulty in getting 
any of the sails to draw well when going before the wind. How- 
ever, in very large schooners there is some difficulty in keeping the 
fore-stay sufficiently taut, unless the weight of the masts is made to 
fall upon it. A very sUght degree of rake will be sufficient for this 
purpose, as when the vessel is close-hauled a considerable portion 
of the strain of the after sails is thrown upon the fore-stay ; and in 
going before the wind it is of little consequence whether the stay 
is taut or not. In a cutter, where the same difficulty is experienced 
in keeping the luff of the jib straight, the mast is kept upright by 
the pendants and runners, so that it is not essentially necessary 
that the mast should rake to keep the fore-stay taut ; and moreover, 
there is a certain degree of danger in having the whole apparatus 
dependent upon one rope, which must be the case when the masts 
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rake and hang by the fore-stay. On the whole, until there appear 
some better arguments on the other side than have yet been 
produced, it is undeniable that the preponderance of advantage is 
on the side of having a schooner's masts upright or very neieurly so, 
although fancy or fashion have hitherto induced the owners of 
schooners to rake their masts. 
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By placing the mast far forward we increase the size of the main- 
sail and top-sail, and thus obtain a large area of sail abaft the mast. 
This is advantageous in saihng before the wind; but the obvious 
objections to a large boom and heavy main-sail more than counter- 
balance the slight benefit to be derived jfrom the increased after- sail. 
It is important that the mast should be placed near the body of the 
vessel, as it then has less efiect in increasing the pitching and 
'scending, and the greatest speed will then be obtained for the 
shrouds. Beyond these considerations, the position of the mast is 
of secondary importance: generally it may be assumed that the 
mast should be, placed at one-tenth of the load water line, before 
the centre of vertical longitudinal section. In this position, and 
with the dimensions in the accompanying Table of cutters' spars, the 
centre of eflTort will generally come at about its proper position in 
relation to the centre of vertical longitudinal section ; but a little 
rearrangement in this respect may sometimes be found necessary 
after the sail drawing and calculations are made, as the length of 
the load water line is not always a correct measure, on account 
of the rake of stem and stern-post differing in different vessels. 

In making the Table of dimensions of cutters' spars I adopted the 
same approximative measure of the stability of the vessel as in the 
case of the schooner yachts, and adapted the spars from several 
examples of cutter yachts whose properties were known. The area 
of sail and the height of the centre of effort are calculated for the 
main-sail, fore-sail, and second working jib, as from the varying 
size of the top-sails in the different examples it was found impossible 
to arrive at any definite conclusion if the top-sail was included in 
the calculation, therefore it is assumed that these three sails are such 
as a cutter should carry well, when the wind travels at the rate of 
twenty miles per hour, equal to a pressure of 2 lbs. per square foot. 
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Comparing the proportions in the Tahle with the actual spars of 
two cutter yachts, we have : — 



146 Tuno. 
ActoHl Spars. Table. 



26 Tons. 



Actual l^rs. Table. 





feet. 


f-et. 


f«t. 


feet. 


Main-mast, hoinided 


63-0 


65-6 


410 


36-8 


„ head 


130 


11-8 


80 


7-4 


Top-mast to gtop 


41-5 


42-5 


26-0 


26-5 


Main-boom 


560 


68-3 


3G-5 


34-4 


Main-gafT 


42-0 


45-7 


24-5 


230 


Bowsprit outboard 


44-0 


47-5 


210 


250 



Very many cutter yachts have had their masts shifted after a 
short trial, and various reasons are assigned for so doing — the vessel 
stays badly, steers badly, or carries too much weather helm ; but as 
shifting the mast is an expensive operation, an owner should bear 
in mind that so long as the relative positions of the centre of eflFort 
of sail and centre of vertical longitudinal section are fixed, the posi- 
tion of the mast will have very Uttle, if any, eflFect in the working 
of his vessel. If she carries too much weather helm a reduction in 
the main-sail or an. increase of head-sail will set all right ; if she 
steers badly perhaps she has too small a rudder, or the fore and 
after sail is not well balanced, and either of these remedies may cor- 
rect the feult in staying without materially affecting the speed. I 
have known a cutter's mast to be shifted aft, and at the same time 
a cloth was taken from the main-sail and one added to the fore-sail ; 
this was done with the view of making the vessel stay quicker. 
Whether it succeeded or not I had no opportunity of learning, but 
if a cutter will not stay without a large fore-sail aback, she must be 
hopelessly bad,*and the owner need not trouble himself to improve 
her speed. 

The spars in the following Table are not adapted for the excep- 
tional case of a cUpper cutter : the enormous sails and raking stem- 
post of our modern racers preclude any rule being made which can 
apply to such vessels, and at the same time be applicable to ordi- 
narily-rigged cutter yachts. Before leaving this part of the subject 
I would impress upon all yachtsmen, whether owners, builders, or 
captains, the desirability of paying most particular attention to the 
adjustment of the centre of vertical longitudinal section and the 
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Proportions and Dimensions of Spars for Cutter Yachts. 

TABLK IV. 



Unit 



X -7. 



Moment 
of Sails. 



40000 

60000 

80000 

100000 

120000 

140000 
160000 
180000 
200000 
220000 

240000 
260000 
280000 
300000 
320000 

340000 
360000 
380000 
400000 
420000 

440000 
460000 
480000 
500000 
520000 

540000 
560000 
580000 
600000 
620000 

640000 
660000 
680000 
700000 
720000 

740000 
76JJ000 
7800(;0 
800000 
820000 

840000 
860000 
880000 
900000 
920000 

940000 

960000 

980000 

1000000 



22584 
25672 
28867 
32164 
35557 

39041 
42611 
46262 
49988 
53785 

57647 
61570 
65550 
69580 
73656 

77775 
81931 
86119 
90336 
94577 

98886 
03111 
07397 
11690 
15986 

20280 
24568 
28848 
33114 
37363 

41591 
45795 
49971 
54115 
58224 

62295 
66323 
70306 
74241 
78124 

81951 
85721 
89431 
93074 
96652 

200160 
203595 
206955 
210237 



Height 
ofCE. 



18 

19 

19 

20' 

21 

21 
22 
22 
23 
23 

24 
24 
25 
25 
25 

26 
26 
27 
27 
27 

28 
28 
29 
29 
29 

30 
30 
30 
31 
31 

31 
31 
32 
32 
32 

32 
33 
33 
33 
33 

33 
33 
34 
34 
34 

34 
34 
34 
34 



Area of 
Sails. 



Hounded 
Lof 
Main- 
mast. 



Mast- 
head. 



Length 
of Top- 
mast lO 
stop. 



•82 


1200 ! 


•39 


1324 


•95 


1447 


•50 


1569 


•04 


1690 


•57 


1810 


•09 


1929 


•60 


2047 


•10 


2164 


•59 


2280 


•07 


2395 


•54 


2509 


•00 


2622 


•45 


2734 


•89 


2845 


•32 


2955 


•74 


3064 


•15 


3172 


•55 


3279 


•94 


3385 


•32 


3490 


•69 


3594 


•05 


3697 


•40 


3799 


•74 


3900 


•07 


4000 


•29 


4099 


•70 


4197 


•05 


4294 


•25 


4390 


•57 


4485 


•84 


4579 


•10 


4672 


•35 


4764 


•59 


4855 


•82 


4945 


•04 


5034 


•25 


5122 


•45 


5209 


•64 


5295 


•82 


5380 


•99 


5464 


•15 


5547 


•30 


5629 


•44 


5710 


•57 


5790 


•69 


5869 


•80 


5947 


•90 


6024 



35 
35 
36 
37 
38 

39 
40 
41 
42 
43 

44 
44 
45 
46 
47 

48 
49 
50 
51 
52 

.53 
53 
54 
55 
56 

57 

58 
59 
60 
61 

62 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
71 
72 
73 
74 

75 
76 

77 
78 




9 
8 
7 
6 

5 
4 
3 
2 
1 


9 
8 

7 
6 

5 
4 
3 
2 
1 


9 
8 
7 
6 

5 
4 
3 
2 
1 


9 
8 
7 
6 

5 
4 
3 
2 
1 


9 
8 
7 
6 

5 
4 
3 
2 



7 
7 
7 
7 

7 

8 
8 
8 
8 
8 

9 
9 
9 
9 
9 

9 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
11 
11 
11 
11 

11 
11 
11 
11 
11 

1] 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
13 
13 
13 




2 

4 
6 
8 


2 
4 
6 

8 


2 
4 
6 
8 

9 

1 
2 
3 

4 
5 
6 

7 
8 

9 

1 
2 
3 

4 

5 
6 

7 
8 

9 

1 
2 
3 

4 

5 
6 

7 
8 

9 

1 
2 



25 
26 

26 
27 
27 

28 
28 
29 
29 
30 

30 
31 
31 
32 
32 

33 
33 
34 
34 
35 

35 
36 
36 
37 
37 

38 
38 
39 
39 
40 

40 
41 
41 
42 
42 

43 
43 
44 
44 
45 

45 
46 
46 
47 
47 

48 
48 
49 
49 



5 

5 

5 


5 

5 


5 

5 

5 


5 

5 


5 

5 

5 


5 

5 


5 

5 

5 


5 

5 



5 


5 

5 


5 

5 



LfDgth 

Of 

Boom. 



Length 

of 
GaflT. 



32 
33 
34 
35 
36 

38 
39 
40 
41 
42 

44 
45 
46 
47 
48 

49 
50 
51 
52 
53 

55 
56 
57 
58 
59 

60 
61 
62 
62 
63 

64 
65 
66 
67 
68 

69 
70 
71 
71 
72 

73 
74 
75 
75 
76 

77 
78 

79 
80 




2 
4 
6 

8 


2 
4 
6 

8 


1 
2 
3 
4 

5 

6 
7 
8 
9 











9 

8 

7 
6 
5 
4 
3 

2 
1 


8 
6 

4 
2 


8 
6 

4 

2 





21 
22 
23 
23 
24 

25 
26 
27 
27 

28 

29 
30 
30 
31 
32 

33 
33 
34 
35 
36 

36 
37 
38 
38 
39 

40 
40 
41 
42 
42 

43 
43 
44 
45 
45 

46 
46 
47 

48 

48 

49 
49 
50 
50 
51 

51 
52 
52 
53 



5 
2 


8 
6 

4 
2 


8 
6 

5 
2 
9 
6 
4 

1 
9 
6 
3 
1 

8 
5 
2 
8 
5 

2 

8 
5 
1 
7 

3 
9 
5 
1 

7 

3 

9 
5 
1 

7 

2 
7 
2 
8 
3 

8 
3 
9 
6 



Bowsprit 

end from 

Must. 



38 
39 
41 
43 
45 

46 
47 
49 
50 
51 

52 
53 
54 
55 
56 

57 
58 
59 
60 
61 

62 
63 
64 
65 
65 

66 
67 
68 
69 
70 

71 
72 
73 

74 
74 

75 
76 

77 
78 
78 

79 
80 
M 
82 
82 

83 

84 
84 
85 




9 
7 
4 


5 
9 
2 
4 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 



3 
2 
1 


9 

8 
7 
6 
5 



3 
2 

1 

8 

6 
4 
2 

8 

6 
4 
2 




4 
1 
5 
2 
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centre of effort. The former centre is easily found, the only 
measurements required heing the length of the water line, length of 
keel, and draught of water forward and aft. The measurement of the 
sails is very simple, and scarcely any knowledge of drawing is neces- 
sary to make a sail drawing, nor are the calculations either long or 
difficult. 
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Having decided upon these principal points, the next thing to be 
considered is by what system the vessel should be constructed. The 
common method of designing a vessel is that which discards all 
mechanical rules for forming the various lines, and relies entirely on 
a consideration of those forms which experience has taught us are 
best adapted to the particular object in view. To enable the con- 
structor to design a vessel by this method it is essentially necessary 
that he be provided with drawings and calculations of vessels of 
similar size already built; from these he can adapt and modify 
such parts as he considers are applicable to his purpose. When 
the rough drawing is made, the displacement, areas of midship 
section and load water line, and the position of the centre of 
gravity of displacement, must be calculated; should the results 
differ materially from those of the precedents, the constructor must 
consider the probable effect of such difference upon his intended 
vessel, and then make such alterations in the design as he imagines 
necessary, repeating the calculations and making further alterations 
if requisite, until the result accords with his intention ; and unless 
anything very novel or extraordinary is attempted, this method will 
succeed tolerably well, though of course much must depend upon 
the proficiency of the constructor and the extent and quality of his 
precedents. Without these the system is obviously insufficient, and 
at different times attempts have been made to determine a priori 
what ought to be the proper shape of a vessel, from considerations 
connected with hydronamics, or the laws of the motion of fluids. 
Of such methods none have been so much talked about of late 
years as the " wave system," which professes to construct on some 
considerations connected with waves. I confess my inability to 
enlighten the reader on this subject. I have consulted books, and 
attended lectures by the eminent originator of the system, but all 
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attempts to obtain sufficient information to enable me to construct 
on the wave principle have been most unsuccessful. 

Apparently the best information on the subject is to be found in 
Captain Fishboume's * Treatise on Naval Architecture.' He says, 
" The genesis of these (wave) curves is as follows, — the length of 
the fore body as compared with the length of the after body is as 
three to two, therefore the whole length is divided into five equal 
parts, and three allotted to the fore body. A circle whose diameter 
is equal to the half breadth determined upon is described with its 
circumference touching the central line where the fore and after 
bodies join, its circumference is divided into sixteen equal parts, 
and the central lines of the fore and after bodies are each divided 
into eight equal parts ; then for the curve of the fore body, firom 
the foremost division on the central line lay off the perpendicular 
distance of the central line from the first or lowest division on the 
circumference of the circle, and from the second division on the 
central line, the perpendicular distance of the second division on 
the circle, and so of each of the eight divisions ; then through 
these points draw a line, and it will be the wave line curve forward. 
The curves of all the water lines are similar." — " For the after 
body, lines are drawn from the divisions on the circle parallel to 
the central line, on which the distances of the divisions on the 
central line from the fore end of the after body are respectively laid 
off from the divisions on the circle. A line drawn through these 
points will give the wave curve for the after body." Let A B = 6, 
A L = Z, (a? and y) be co-ordinates of any point P, L being the origin. 
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Then y == -^ o cos. -y- is the equation to curve B P L gene- 

rated according to the wave system. There will always be a point 

of contra flexure at the point a? = -^, or in other words the line 

will be convex for half its length, and concave for the other half. 
It will be remarked that this system is founded on no theory 
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whatever, and merely amounts to an artificial plan for obtaining 
tolerably good water lines: these water lines will, however, be 
exactly the same for the same length and breadth, whatever the 
vessel may be intended for, and until it has been demonstrated that 
they are the best which can be designed, any constructor should be 
unwilling to fetter himself by adopting so arbitrary a system. 
Moreover, it affords no guide or rule to govern the shape of the 
midship section or to enable the constructor to conjecture what will 
be the stability, or the amount of the displacement, or even whether 
his vessel will float ; and lastly the water lines, if formed in accord- 
ance with the above description, will be considerably sharper than we 
have hitherto at least ventured to make them. In making these 
remarks, however, only so much of the system as is propounded by 
Captain Pishboume is alluded to, that being the only part which 
is sufficiently definite to be understood, by me at least. 

Another. system is that proposed by Lord Eobert Montagu; but 
so far as I can understand his Lordship, his method of constructing 
by dividing Unes is not sufficiently matured for practical purposes ; 
at the very outset there is something wanting, inasmuch as no rule 
is given for ascertaining the degree of curvature of the main dividing 
line of the body plan ; and unless there is some definite rule for 
establishing this most important point of his system, the con- 
structor is left quite as much or more at random in making his 
design than by the ordinary system of water Unes. Besides which, 
when taken as a system it fails on the score of incompleteness, there 
being no guide for determining the principal objects of construction, 
such as displacement, stability, &c. As a mechanical method of 
constructing a vessel the dividing line is little more than the 
ordinary diagonal line in common use by the ship-builder, but seldom 
or never employed by the naval architect. In order to design a 
vessel by this method the constructor must be an expert and prac- 
tised ship draughtsman, otherwise a most preposterous vessel might 
be built, as the form of the dividing line in either the sheer, half- 
breadth, or body plans is entirely a matter of fancy ; and therefore 
as a guide to construction the dividing line is not in any way pre- 
ferable to the usual water line. When the rough design is made, 
the dividing lines may be applied as a matter of curiosity, and the 
constructor can then alter the drawing to suit his Lordship's theory, 
which is not only ingenious but desei:ving of particular attention. 
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All mechanical or artificial systems of naval construction must 
fall into the shade when compared with " Chapman's," or the 
" parabolic " system : its applicability, its completeness, and its 
simplicity at once render it most admirably adapted for every 
description of vessel. By it a constructor can determine every 
particular of his vessel; he can be certain that she will have the 
required displacement, possess the proper amount of stability and 
trim as he intends; he has nothing to do but, after making a few 
preliminary calculations, to proceed to trace the vertical sections of 
the body plan. Nor do the advantages of the system stop here, as 
every vaiiety of form, both of water line and vertical section, is 
equally applicable ; in fact the constructor has great latitude in the 
shape of his vessel, so long as he does not depart from the 
areas and centres of gravity established at the outset. I shall 
therefore give an outline of the method of construction by the 
parabolic system, recommending the amateur to adopt it as his 
guide. 

Chapman Endeavoured to discover how far the areas of conse- 
cutive sections of the best known vessels followed any regular law. 
He therefore divided the area of each section by a constant quantity 
(the breadth of the midship section), and set off distances proportional 
to these quotients on perpendiculars to a. base line, the perpendicu- 
lars being placed at intervals equal to the distance between the. sec- 
tions, and he found that the curve which passed through the ends of 
these perpendiculars might be conveniently represented as a para- 
bolical curve, both in the fore and after bodies, the vertex of the 
curve being at the middle of the base line, and the line representing 
the midship section forming the axis. Those who wish to investi- 
gate the subject, will find it fully discussed by Mr. Creuze and Lord 
K. Montagu ; but for our purpose we must content ourselves with 
assuming the fundamental equations. 

A = (n + 2) X a [2] 

y'=px [3] 

Where D is the load displacement in cubic feet. 
I is the length of the load water line in feet. 
M is the area of the midship section in square feet. 
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a is the distance of the centre of gravity of displacement from 

the middle of the water line in feet. 
h is the distance of the midship section from the middle of the 

water line in feet. 
n being what is termed the exponent of the parabolic curve, 
j) the parameter. 
The two last quantities being used to assist the calculations ; n is 
determined from equation [1], and j) from the formula 



[^-]' 



^ M 

Which is in fact a particular form of [3], and where, when the 
centre of gravity of displacement is abaft the middle of the water 
line, the plus sign is used for the fore body, the minus sign for the 
after body, and vice versa when the centre of gravity of displace- 
ment is before the middle. 

X and y being co-ordinates of the curves, or in other words y is 
the distance of any one section from the midship section, 
and X the difference between a line representing the area 
of the midship section, and a line representing the area of 
any one section. 
From this last definition it follows that : 

• , Area of section = M — ar 

and from [3] x = ^- C^] 

P 

We now therefore have the means of ascertaining the areas of the 
successive sections, by calculating n and j), and then substituting 
the successive values of y in the equation [5]. 

In practice the calculations are confined to one-half of the vessel 
only, and therefore instead of x and M one-half of these values is 
taken ; and with some degree of inaccuracy in the Tables, as usually 
constructed, these halves are treated as whole areas. 

We will now proceed to give an example by way of illustration. 
Suppose the constructor about to design the vessel mentioned. 
Here 

Load displacement = D = 5040. 

Length of load water line = / = 80. 

Area of midship section = M = 110. 

Distance the centre of gravity of displacement is from middle = a = 1 '6 abaft. 
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Now to find n which = 
6040 



D 



/M-D 
= 1-34. 



[1] 



80 X 110 - 6040 

Next k = (n + 2,) X a 
= (I -34 + 2) 1 -6 = 5-25 abaft. 

Then for the fore body 



[2] 



log. 2jo = log. 2 



u-'Y : [ 



M 



= log. 



2 +^-2^J 



55 



= 478165 = log. 3. 



For the after body- 



log. 2/) = log. 2 



K-O" . [^-H- 



34 



= log. 



= 3245167 = log. 2 -11. 



M - '^^' 55 

As this quantity is used in multipUcation only, the logarithm of 
it only need be found ; then, by substituting the successive values 
of ^ in the equation 



N 

X := — 
P 



which mu^t be calculated by logarithms, we construct the following 
Table. 



For the fore body x = 


y 1-34 

3 


For the after body x = 


y 1-34 

2-11 


y 




Half area of 


y 




Half area of 


or distance 
from the 


X 
2 


MS-* = 
2 


or distance 
from the 


X 

"2 


X 

MS = 

2 


Midship 


or Abscissa. 


half area of 


Midship 


or Abscissa. 


half area of 


Section. 




SecUon. 


Section. 




Section. 


ft. 


sq.ft. 


sq.ft. 


ft. 


sq. ft. 


sq.ft. 


7-5 


4-95 


50-05 


7-5 


7-05 


47-95 


15-0 


12-5 


42-5 


150 


17-9 


37-1 


22-5 


21-5 


33-5 


22-5 


30-7 


24-3 


30-0 


31-7 


23-3 


! 300 


45-2 


9-8 


37-5 


42-8 


12-2 


I 







A little careful study of the above calculation will enable anyone 
who has a slight knowledge of logarithms to comprehend the work- 
ing of the system ; and I would remind those who imagine the 
arithmetical labour to be too great to warrant their undertaking to 
construct upon this elegant principle, that no more calculations than 
the foregoing are required, as the position of the centre of gravity, 
the displacement and area of midship section, are all predetermined 
quantities, and form the basis of the design, and therefore to calculate 
them after the design is completed would be a useless repetition. 
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THE CONSTEUCTION DEAWING. 

Before proceeding with the construction drawing, a recapitulation 
of the principal proportions deduced in the foregoing remarks may 
be useftd. 

The breadth = the length x -24 for cutters. 

1, „ '26 for schooners. 

The depth = the breadth x -449 for cutters. 

,) „ '3952 for schooners. 

The area of midship section = breadth x depth x "6. 

„ load water line = length x „ x '7021. 

Load displacement in cubic feet = length x breadth x depth x '3623. 
The mid;»hip section from the fore end of the water line = length x * 517. 
The centre of gravity of displacement from the fore end of the water line 

= length X '52 for cutters. 
The centre of gravity of displacement from the fore end of the water line 

= length X '55 for schooners. 
Or generally = length x '02 abaft the middle. 

In making the construction drawing the same order is observed 
as in copying, but the draughtsman is left to his own resources as 
to the dimensions and forms of the different parts. His first care 
should be to understand distinctly and exactly the sort of vessel 
required. Let us assume a schooner yacht of 144 tons = 5040 
cubic feet displacement to be required; the draught of water not 
to exceed 11 feet, and that she is to have as much speed as is con- 
sistent with a certain degree of accommodation. In the Tables will 
be found the dimensions of some vessel of suitable character and of 
nearly similar displacement, and we are thus enabled to fix the 
length of the water line at 80 feet, then the breadth = • 26 Z = 20 • 8 
feet. 

But in this case, as the breadth is somewhat limited, and 
cabin accommodation is a desideratum, it may probably be better 
fo give a small additional breadth to ensure suJEcient stabiUty, dis- 
placement, and accommodation. Suppose, therefore, the breadth is 
determined at -27 Z = 21-5 feet, then the depth = -3952 b = 
8-5 feet. 

If to this is added 1 foot for the depth of the keel below its 
rabbet, we have a mean draught of water 9 * 5 feet, and with the 
TnftTimTiTn draught of 11 feet aft, this gives 8 feet for the draught of 
water forward. This, however, may be rather more drag than may 

E 
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be advisable, and the draught of water forward may probably be 
increased to 9 feet with advantage. 

The load displacement = length x breadth x depth x '3623= 
5296 cubic feet = 151 tons, an excess of 7 tons above that re- 
quired, or 

Displacement __ 5040 



Length x breadth X depth 14620 



= -3447, 



the proportion the displacement (5040 cubic feet) bears to the 
circumscribing parallelopipedon. We can judge by comparison 
whether this proportion is adapted for the required purpose ; if not, 
some alteration in the dimensions must be made. 

The area of the midship section = breadth x depth x * 6 = 110 
square feet. 

The exponent of the parabolic curve 

D 5040 

^ ~ I M - D 80 X 110 - 5040 " ' 

which nearly corresponds with the value of n for the * America,' and 
therefore it may be presumed that the intended vessel will, by assign- 
ing that value to w, be of proportionate fulness in relation to the 
dimensions. 

The distance of the centre of gravity of displacement abaft the 
middle of the load water line, will be length x * 02 Z = 1 • 6 foot = a, 
and the midship section will be from [2] 1 • 6 (1 • 34 + 2) = 5 • 25 
feet abaft the middle. 

The calculations for the ar^ of the sections of this vessel have 
already been given, p. 18, and therefore no repetition is necessary. 
Having arranged these preliminaries, the drawing may be com- 
menced, the sheer, rake of the stem, and form of the counter, can 
be adapted from the accompanying Tables, or from other drawings, 
and modified according to the constructor's judgment. The midship 
section in the sheer plan must be drawn at its proper distance from 
the fore end of the load water line, and the other sections at the 
determined distances from the midship section; in the present 
case they are placed at intervals of 7 feet 6 inches. In designing 
the midship section, which will be done in the body plan, with 
due regard to the remarks on that subject, care must be taken that 
the half area =± 55 square feet exactly : the section being sketched 
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in by eye, its area may in this preliminary part of the work be 
found by the '' old rule," thus — 



Load water line 


10-75 (half) 


Second water line . . 


10-1 


Third water line 


70 


Fourth water line . . 


2-4 


Keel 


•3 (half) 




25-025 




2-2 = distance between the water line. 




55-055 = half area of the midship section. 



It is hardly to be expected, that at the first trial the section will 
be drawn of the correct area, but after one or two alterations it will 
generally be obtained. When this is done, the load water liife from 
the midship section to the fore end must be drawn in the half- 
breadth plan. Having determined from the Table of Construction, 
page 48, or from other precedents, the angle which it should make 
with the middle line forward, a line can be drawn for some distance 
from the ending, at that angle ; then, with a small penning batten 
the breadth at the midship section is joined to this line ; this will 
give a " straight" water hue. When any hollow is required in the 
water line the batten may be continued to the ending, describing the 
hollow required ; or the load water line may be formed according to 
the wave system, if the constructor admires that system as described 
by Captain Fishboume. The half-breadth lines of the deck and 
roughtree rail may next be drawn of such shape as the constructor 
thinks best. A section intermediate with the midship section and 
foremost extremity drawn in the body plan (the half breadth of the 
load water line being taken from the half-breadth plan), and altered 
if necessary until its half area corresponds with the area already 
determined for such section, will give a guide for drawing the other 
water lines of the fore body in the half-breadth plan. When the 
remaining sections are drawn, if their areas do not agree with the 
calculated areas, alterations must be made. 

The after body is proceeded with in a similar manner, and when 
the whole of the sections are completed, the designer may, perhaps, 
require some slight alterations to be made. When such alterations 
from the original plan involve any considerable change of form or 
alteration of the several sectional areas, it may be advisable to caleu- 
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late the displacement and the position of the centre of gravity of 
displacement, &c., in order to prevent too great a deviation from 
the original intentioij ; but when no alteration, or at least only a 
sUght alteration, is made, this is unnecessary. I have, in Plate 1, 
given the design for a schooner yacht in conformity with the fore- 
going dimensions and calculations, and without any material altera- 
tion from the estabHshed areas, in order to show how admirably 
adapted the parabolic system is for the construction of yachts. 

To complete the vessel the masts and sails have to be arranged. 
The area of vertical longitudinal section = 1 x h = 80 x 10=800, 
area of .load water line = 1 xh x '7 = 1204 ; these sums multi- 
plied together = 963200, which is the coeflScient for the dimensions 
of the spars. (See Table III.) 

The^ centre of effort should be placed at * 006 of the length of 
load water line = "48 foot abaft the centre of gravity of vertical 
longitudinal section, and at the height of the centre of effort the 
main-mast will be one-tenth of the length of the water line = 8 feet 
abaft the centre of vertical longitudinal section. The fore-mast will 
be '344 of the length of the water line = 27*5 feet before the 
main-mast. 

With these positions a sail drawing must be made to the dimen- 
sions given in the Table of schooners' spars ; and the area of sail, and 
position of the centre of effort, both as to height and length, calcu- 
lated. If the results do not agree with the established position for 
the centre of effort, some alteration must be made either by re- 
adjusting the proportion of fore and after sail, or by moving the 
masts and preserving the same measurement of spars, as it is impe- 
ratively necessary that a proper and correct balance of the sails 
should exist, otherwise the care of the constructor in designing the 
hull has been completely thrown away. 
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LENGTHENING. 

The lengthening of yachts is a subject which demands serious 
attention, as it has become a favourite practice with many owners, 
when they find their vessels either too small or too slow for their 
purpose, to submit them to the lengthening process as a panacea for 
all their cx)mplaints. There are certainly many yachts which can 
be greatly improved by being lengthened, and the operation may be 
performed on them with success, but it does not follow that the 
same success will attend an indiscriminate or injudicious addition to 
length. As a general rule a larger vessel is faster than a smaller 
one, but a lengthened yacht though faster than before the alteration, 
may not be nearly equal in speed to one built of the increased size ; 
as a vessel lengthened forward may not have the midship section or 
after body best adapted for the longer bow. Under such circum- 
stances a new vessel should be built. The difference in price is not 
so great as might be imagined. A vessel of fifty tons may be 
valued at a selling price of 800Z. : to lengthen her 6 feet forward 
would cost at least 200Z., as the mast, channels, &c., must be 
shifted. She would then require a new main-sail, fore-sail, boom, 
gaflf, &c., and we may estimate the total cost of the alteration at 
300Z., which added to her price = llOOZ. A new yacht of sixty 
tons would cost complete about 1500Z., making a difference of 400Z., 
which the new vessel would certainly be well worth. 

Before determining to lengthen a yacht she should be placed on 
shore, and an accurate ship-drawing made of her. This is not a 
difficult task, and is easily done in from one to three tides. Having 
noted the principal faults of the vessel and calculated the elements 
of her construction from the drawing, the cause of many of her 
defects may frequently be traced to some nonconformity with well- 
known proportions and particulars discovered in the course of the 
calculations. The mal-position of a mast, or an inclined water line 
too full on the quarter above the line of flotation, are frequent 
sources of vexation attributed to a short bow, and can be remedied 
by some comparatively trivial alteration. Finally, when a less ex- 
tensive cure is not applicable, recourse must be had to lengthening. 
When the bow is bluff the alteration should be made at the for- 
ward extremity. Place a penning batten on the load water line of 
the half-breadth plan, and carrying it along from amidships to such 
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form as may appear desirable for the water line of the new bow, 
this will give the length of the water line in the sheer plan, and 
having decided upon this line it is easy enongh to fill in and com- 
plete the detajl of the alteration. Calculations of the vessel thus 
lengthened must be made, and the results compared with the calcu- 
lated results of other yachts, and should the comparison be imsatis- 
fectory some change in the alterations will be necessary until the 
lengthened vessel appears likely to succeed. It is a common prac- 
tice to haul the vessel up on a slip and place battens to mark out 
the form and extent of the contemplated alterations; but it is 
.almost needless to say, that by this unscientific method of proceed- 
ing it is impossible to ascertain whether the proposed alteration 
will be sufficient or too extensive ; and the owner is very hkely to 
get a yacht too short at the opposite extremity to that lengthened, 
or to have a miserably-balanced craft. Whereas by tha method 
here indicated the builder or owner can have battens put uj]i;;^after 
the design and calculations have been made, and the few shillings 
expense of the drawing will be saved to the builder in the execution 
of the work. 

It is impossible to lay down any rule as to what vessel or what 
part of any vessel may require lengthening. It not unfrequently 
happens that a yacht will be much improved by reforming any part 
which appears to be ill-adapted for speed. Thus, when the inclined' 
water Une is drawn on the half-breadth plan, it will probably 
exhibit the defect either in giving a bluff place along the bow or 
some fulness abaft ; and a sufficient and more simple remedy for 
these defects will be the alteration of these parts to the required 
extent. Finally, let it be remembered that there are some yachts 
which cannot be improved by lengthening at any one part; nothing 
but a complete remodelling being a sufficient remedy for their 
defects : where this is the case the lengthening merely increases 
the evil by giving the owner a large bad vessel instead of a smaller 
one. 



BUILDING. 55 



BUILDING. 



On the practical paii; of yacht building it is hardly necessary to 
say anything, as the generaUty of yacht builders would scarcely 
benefit by any remarks of mine ; however, I may suggest to them, 
that a great pecuniary saving might be effected if they paid more 
attention to the laying off. When every timber of the frame is 
laid off properly, and a mould made to its shape, the saving in con- 
version is immense. There are two reasons commonly given why 
the whole vessel is not commonly laid off: — First, want of space 
on the mould-loft floor, and secondly the want of time. As regards 
the want of space, it is an objection easily met, as by contracting the 
sheer plan a vessel may be laid off on any space sufficient for 
the body plan. The method of contraction may not be generally 
known. I will therefore describe it. 

If, instead of placing the sections at the whole room and space 
apart, they are struck in on an inch or two inch to a foot scale, the 
length 'will be reduced by 12 or 6, and thus a vessel of 96 feet 
length may be laid off in a length of 8 feet if the inch scale is 
adopted, or in 16 feet if the two-inch scale is used. Having struck 
in the vertical sections in this manner, the half breadths of the 
water lines and the different heights of the sheer are set off from 
the base, the actual size. A thin batten passing along these points 
will fair the body much more correctly than when the whole room 
and space is used, but it must be remarked that some caution is 
required in fairing the lines, and no attempt must be made to alter 
the shape of any line, otherwise the result will be very different 
from the drawing. When the frames of the fore and after bodies 
are canted they must be laid off separately. By adopting this plan 
a great saving of space and time may be effected ; but a further 
saving of time may be obtained if the bevelling edges are not laid 
off, and the bevellings taken in the following manner. The bevel- 
Ung of. a timber at any particular sirmaik is the difference between 
that timber and the next in the body plan, measured square to the 
intersection of the sirmark with the timber line. If this distance 
is set off on a room and space board the bevellings are easily taken. 
The quickest plan of doing this is to apply one end of a small 
. taking off batten to the intersection of a sirmark with the midship 
section in the body plan, then mark the intersection of the next 
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timber (A in the fore body) on the batten, place the end of the 
batten square to the intersection of A with the sirmark, and mark 
where B cuts the batten on it, and so on. Then if the room and 
space from to A be set off on a square Une across a board, and 
the end of the batten be placed on a square 'line and kept in a 
vertical position, and the distances on the batten marked on the 
board, a bevel with the stock against the side of the board at the 
square Une, and the tongue to the marks on the vertical hne, will 
give the bevelling, either under or standing^ as the case may be, of 
the respective timbers at that particular sirmark. 

A little judgment is sometimes required in allowing a trifle for 
the roundness of some parts of the vessel, but generally the bevel- 
lings taken by the above method are more correct than by laying 
off the bevelling edge, and the whole may be accomplished in an 
hour or two for a yacht of 100 tons. This method is particularly 
appUcable where batten moulds are used, as the levellings are 
marked on a board for the purpose, instead of on each mould. A 
batten mould is always preferable for all timbers of the square body, 
as it takes less time to make, and will often effect a saving in con- 
version, by giving a greater choice of timbers to be cut from a log, 
which if not exactly appUcable to one timber may suit another. 

With respect to the actual building, the diagonal system has 
always appeared to me to be peculiarly appUcable to the building 
of yachts, as it gives greater room internally, and it certainly com- 
bines strength with Ughtness, and from the form of a yacht there 
is not much difficulty in bending the strakes to fit the bilge or other 
parts. The objection generally urged against its adoption is the 
inferior connection of the garboards with the keel ; this is easily 
overcome by having greater depth of keel inboard, and working a 
side keel on to each side of it to fit the shape of the vessel ; these 
side keels should be securely bolted through the keel, and the ends 
of the diagonal plank will bolt to them ; by this means I imagine 
the connection will be quite as complete as in the ordinary timber 
and plank method of building. 

Another plan which has never, I believe, been tried for yacht 
building, is that of a double thickness of plank worked fore and 
aft, in such a manner that the seam of the outside thickness 
runs along the middle of the inside one ; no timbers are required, 
but a few diagonal iron plates in the interior would materially 
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strengthen the Cabric. Some river steamboats built years ago on 
this plan, have outhved many of their cotemporaries built on the 
old system. 



FORM OP CONTEACT FOR BUILDING A SCHOONER 
YACHT OF 165 TONS, BUILDERS' MEASUREMENT. 

It is this day agreed between A. B. of , and C. D. of , 



ship-builder ; the said C. D. to build and complete the hull of a 
schooner yacht according to the following dimensions and propor- 
tions for the sum of , to be paid in three separate portions, viz. 
the first payment of to be made upon signing this agreement ; the 
second payment of , to be made when the vessel is completely 

timbered and planked, and the upper deck laid ; and the remainder 
of the sum to be paid when the vessel is delivered over to the said 
A. B. ; and the said C. D. agrees to complete the said yacht and 
dehver over the same to the said A. B. on or before the day of 
187 , and in default of so completing and delivering over he agrees 
to forfeit the sum of a day, for each and every day the said yacht 
is not completed and deUvered over to the said A. B. after the 
above-named day ; and it is further agreed that the said A. B. shall 
appoint a surveyor to overlook the work and material used in the 
building of the said yacht, and that the said yacht shall be built to 
the satisfaction of the said surveyor; and that no payment of 
money shall be due until the said surveyor shall have signified in 
writing that the workmanship and material meet with his approval; 
and the said surveyor shall at all times be permitted to have access 
to the said vessel during the progress of the work, and that no 
charge shall be made by the said C. D. for any work or material 
not specified hereafter, or for any alteration of any part of the 
dimensions, materials, or fittings, unless a written order for such 
extra work be given by the said A. B. or his surveyor, and that any 
such order for extra work shall state the number of days over the 
day of , 187 , which shall be allowed to the said C. D. to 
finish the said vessel, in consideration of such extra work or altera- 
tion ; and if no mention of such additional time is made in writing, 
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then the original date is to be considered as the day for completing 
the said vessel as aforesaid. 

Dimensions. 

ft. iQ. 

Length between the perpendiculars 80 

„ of keel for tonnage 67 IJ 

Breadth, extreme 21 8 

„ moulded 21 

Depth iu hold 

Burthen in tons, 164ff Builders' measure. 



SPECIFICATION. 

Keel, — To be of English elm in not more than three pieces, sided 

amidships 8 in., tapered at the ends to 7 in., moulded 10 in., to 

have 6 in. whole wood below the rabbet, searphs 3 ft. long, 

caulked and bolted with four ^-in. copper bolts. 
FaJj&e JceeL — Of English elm, thick 4 in. 
Keelson, — Of English oak, sided 8 in., moulded 8 in., bolted through 

every floor timber with one |-in. copper bolt, searphs same as 

keel. 
Stem. — Of English oak, sided at the head 8 in., at the foot 7 in., 

moulded at head 10 in., whole wood before the rabbet 4 in., 

searphs as keeL 
Apron. — Of English oak, sided as the stem, moulded not less than 

Sin. 
Knigktheads. — Sided 6 in., moulded as the frame, bolted through 

the stem with |-in. iron. 
Stern-post — Of English oak, sided at the head 8 in., at the heel 

7 in., moulded at head 10 in., at heel 12 in. 
Inner post. — Of English oak, sided as post, moulded as per draft. 
Beadwood. — Of English oak, forward and aft as may be required, 

with deadwood knees well bolted with |-in. copper. 

Frame. — Moulded at cutting down 8 in. 

floor-heads 7 

half floor-heads 6^ 

first futtock-heads . ; . . . . 6 
„ planksheer 4 
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Floors sided amidships, 8 in. forward, and aft 7 in. 
Half floors „ 7 „ 6 

First futtocks „ 6 „ 5^ 

Second „ „ 5 „ 4^ 

The timbers of the frame to be of English oak, free from sap or 

defect. The floors and half floors to be bolted together with |-in. 

square iron, the rest of the frame with ^-in. square iron. To have 

two hawse timbers of English oak on each side, bolted with |-in. 

iron, sided 9 in. at head. 

To have a transom, or to be framed at the counter, as required. 

Wales. — To have two strakes of English oak or teak wales, together 
wide 9 in. 

P/ank. — The eight lower strakes to be of English or American elm 
3 in. thick ; the remainder to be of Dantzic fir 3 in. thick ; to 
be &8tened with copper i-in. diameter, clenched through every 
third timber, and a ^-in. metal dump 7 in. long in the remaining 
timbers. All the plank to be wrought in parallel strakes, the 
butts to have not less than 6 ft. shift, and three strakes of plank 
to intervene between two butts placed above one another on the 
same timber. 

Shelf, — Of Dantzic fir, deep 8 in., wide at the upper side 6 in., at 
the lower side 3 in., bolted with |-in. copper. 

Deck beams. — Of Dantzic fir or red pine sided 6 in., moulded 6 in., 
secured to the shelf with one ^-in. iron bolt at each end. 
The bitt, mast, and two other beams to have an iron hanging 
knee at each end, each weighing 28 lbs., and fastened with 
three iron ^-in. bolts through the beam-arm, and three copper 
^-in. bolts through the side arm. 

Iron crutches and deck hooks as directed. 

Walerway, — Of Dantzic fir, deep 4 in., wide 8 in. 

Planksheer. — Of Dantzic fir, 4 in. thick, and 6 in. wide. 

BouglUree stanchions. — Sided at planksheer 5 in., at rail 3^ in., of 
American elm, wide 5 in., thick 3 in. 

Coamings and headledges. — Of English oak or mahogany, thick 
3 in. 

Beck, — Of 2^-in. Crown deal, each strake not more than 4 in. wide, 
feistened with metal spikes 6 in. long, the strakes at and about 
the windlass, masts, &c., to be of EngUsh oak or teak as 
directed. 
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Platform learns. —Of fir, 4 in. by 4 in. 

Platform.— Oi 2-in. deals. 

Ceiling. — Below the platform, of English oak, the remainder of red 

pine, 1 in. thick, fastened to the timbers with galvanized iron 

spikes 4 in. long. 
Pawl hitts. — 8 in. square, to run down and secure to the keelson 

as may be directed. 
CarricTc W««.-Sid^ 3 in., not less than 10 in. wide, properly 

kneed, bolted, and secured. 
Windlass. — Complete with pawls, pinion, and wheel-work, &c.; if 

a patent windlass is required, it is to be paid for in addition. 
Cliannel worJc, chain plates, bolts, dead-eyes, &c., as required. 
Mast partners. — To be properly framed. 
Rudder. — To be made and bolted as required, the head to be 

round. Sin. diameter. To find and fix three pairs of proper 

metal pintles and braces ; the rudder head to fit and work in a 

metal collar let into the deck. 
Tiller. — Of wood or iron. 

Bulwarks. — Of deal, 1 in. thick, rabbeted, each strake 3 in. wide. 
Catheads. — As required, with sheaves, whiskers to jib-boom, guy, &c. 
Skylights and deck fittings complete, of mahogany, as required. 
Mast steps. — On the keelson 5 ft. long, 4 in. deep. 
Cabin fittings. — The bulkheads of 1-in. fir, rabbeted, the main-cabin 

to be fitted with panels of maple wood with mahogany styles 

and rails, French polished ; the after cabin fitted with chintz 

hangings. 
Caulking. — The vessel to be thoroughly caulked with the usual 

number of threads of oakum, and the seams payed with pitch 

and scraped, the deck to be payed with marine glue. 
To find and fit all necessary pin-racks, belaying bitts, cleats and 

pins, to fore and main masts, cleats, sheaves, eye-bolts, &c., aa 

required for a schooner ; boats' davits, hawse pipes, chain cable 

hoods, two pumps and pipes, companion ladders, &c. 
The bottom of the vessel to be coppered with 18 oz. copper, from 

(5 in. above the load water line downwards, the fore part of the 

stem and under side of the keel to be covered with 32 oz. copper. 
To provide a new gig boat 25 feet long, with oars, rudder, benches, 

and gratings complete, also a new dingy 15 ft. long, complete. 
The whole of the materials and workmanship to be of good quaUty, 
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and to the satisfaction of the surveyor ; and the vessel to be 

completed as to hull, cabin, and deck fittings by the builder. 

The bulwarks to have three coats of paint inside and out, and the 

cabins and under side of the deck to receive three coats of paint 

as directed. 

(Signed) A. B. 

CD. 



CALCULATIONS. 

Many persons are deterred from making the necessary calcula- 
tions for a vessel, because they wrongly imagine the labour to be 
much greater than it really is ; a httle method and arrangement 
simplify the process amazingly. 

The plan I find most applicable to a yacht is the following : — On 
the drawing of the vessel fix No. 1 section, in the sheer plan at 
some determinate place, such as the fore end of the load water 
line, then divide the length of that line into any uneven number 
of equal parts by lines perpendicular to it, which will represent 
the vertical sections. Draw a body plan of these sections to the 
outside of the plank, having the load water line as a base in 
the sheer plan. Divide the distance from the load water line, 
to the line of the lower edge of the rabbet of the keel continued 
at No. 1 section into an odd number of equidistant parts, as five 
inclusive ; also divide the corresponding distance at the aftermost 
section into a like number of equidistant parts; draw lines from 
No. 1 section to the aftermost section joining these divisions, and 
transfer the heights of the intersections of these lines with the sec- 
tions to the body plan. A Table must now be ruled similar to the 
accompanying form, and the half breadth of each section at each 
water line measured from the body plan, inserted in its proper place 
in the Table ; a description of each column is sa follows : — 

a the number of the vertical section. 

h the distance between the water lines at each section respec- 
tively ; it is thus found — the distance of the load water line 
to the lower edge of the rabbet of flie keel at No. 1 section 
is 8 feet, and at No. 11 section it is 9*875 feet; then sa 
No. 1 and 11 sections are 75 feet apart, it follows that 
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the difference of draught of water m 75 feet is 1 ' 875 foot, 
and the difference between each section when (as is in this 

case) they are 7*5 feet apart is -; =^ = '1875; as 

there are four water lines the distance between them, at each 
succeeding section, will be increased by the fourth part of 
• 1 875 = • 047 foot. At No. 1 section the water lines are 2 feet 
apart ; at No. 2, 2 + * 047 = 2 • 047 feet apart, and so on. 

c the number by which the ordinates are to be multipUed in 
finding the displacement by horizontal sections. 

d the ordinates of the lowest longitudinal section, or half siding 
of the keel at each section. 

e the ordinate of the lowest water Hue 

/ „ third 

ff „ second 

h „ load 

i the sums of the ordinates as multipUed. 

k the half areas of the sections = — ^ ; thus for No. 7 section 

72-2x2-282 . . ^ . . 

s = 54 • 9 square feet. 

o 

I the half areas of the sections multiplied by the numbers in 

column c respectively ; the sum of the column I multiplied 

by one-third of the common interval between the sections 

01x7 '5 
gives one-half the displacement in cubic feet, or — ^ 

X 2 = the whole displacement, which divided by 35 (the 
number of cubic feet in a ton of salt water), gives the dis- 
placement in tons of that part of the vessel included within 
the limits of the calculation ; to this must be added the keel, 

rudder, &c., thus 1002*7 x -g^x 2 = 5048*5 cubic 

feet = 144-2 tons. 

m the multipliers for finding the distance of the centre of 

gravity of displacement from No. 1 section. 

On 
n the products of Z x m ; then yr^ x common interval between 
'^ • Ul ' 

the sections = the distance the centre of gravity of displace- 
ment is from No. 1 section, or ..^^ ,,-. x 7*5 = 41 -2 feet. 

100*97 
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the ordinates of the load water line multiphed by the numbers 
in colamn c respectively ; the sum of these products multi- 
plied by one-third of the common interval between the 
sections, will give half the area of the load water line, or 

7*5 
X -o— = the half area of the load water line, 225 • 7 x 
o 

7*5 

— pj— X 2 = 1128*5 square feet = the whole area. 
o 

p the products m and o, for finding the distance of the centre of 

gravity of the load water line from No. 1 section. The sum 

of these products divided by the sum of column n^ and the 

quotient multiplied by the common interval, gives the re- 

Op 
quired distance, or -y^ x 7 * 5 = the distance the centre of 

1254*4 
gravity of the load water Hue is from No. 1 = 

X 75 =41*68 feet. 
r the ordinates of the immersed water line when the vessel in- 

cUnes 10°. 
8 the ordinates of the emersed water line when the vessel in- 

cUnes 10°. 
t the sums of r and a. 
u the products of t and c ; the sum of this column multiplied by 

one-third of the common interval gives one-half of the area 

7*5 
of the inclined water Une, or w x —r- X 2 = the whole 

7*5 
area; thus 225*2 x — o- x 2 = 1126 square feet. 

o 

V the products of u and m, for finding the distance of the centre 

of gravity of the inclined water line from No. 1 ; then jr— 

12622 
X 75=the distance required, or ■99^9' X 7 * 5 =42 * 03 feet. 

w the cubes of the ordinates of the load water line required for 

finding the height of the metacentre above the centre of 

gravity of displacement ; the sum of this column multiphed 

by two-thirds of the common interval, and the product 

divided by the cubic feet in the displacement, gives the height 

f ix. X X- XV 6033*24 - . 2 ^ ^^, 
of the metacentre, thus ^^.^ ^ x 7*5 x s- = 5*975 = 

5048 * 5 3 
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height of metacentre above the centre of gravity of displace- 
ment. 

To find that part of the displacement which is before the centre 
of gravity, this latter point being 41 '2 feet abaft No. 1 section, it 
will be 3 • 8 feet before No. 7. The displacement between Nos. 1 
and 7 taken from column t is 2884 * 5 cubic feet ; from this must be 
subtracted the cubical content of that part between No. 7 and the 
centre of gravity = area of No. 7 x 3-8 = 109*8 x 3'8 = 417 
cubic feet; thus making the displacement before the centre of 
gravity 2476 * 5 cubic feet ; and the displacement abaft that centre 
will be the whole displacement — 2467 ' 5 = 2581 cubic feet. 

The distance of the centre of gravity of the fore body from 
the centre of gravity of displacement will be, for the part between 
Nos. 1 and 7, from column n 



2*4 X = 




45-6 X 1 = 


45-6 


45-8 X 2 = 


91-6 


136-8 X 3 = 


410-4 


86-2 X 4 = 


344-8 


206-0 X 5 = 


1030 


54.*9 X 6 = 


329-4 


576-9 


2251-8 



2251*8 
„^ Q - = 3 • 9, which multipUed by the common interval 7*5 = 

29 • 25 feet = the distance the centre of gravity of that part between 

Nos. 1 and 7 is from No. 1 section. The centre of gravity of the 

part between No. 7 and the centre of gravity of displacement will 

3*8 
be 45 ^r— = 43*1 feet from No. 1, and combining these dis- 

tances we have 

Cubic content. Moments. 

2884-5 X 29-25 = 84371 
417-0x43-1 =17972 



2467-5 66399 



66399 

= 26*9 feet, the distance of the centre of gravity of the 

fore body from No. 1 ; then 41 -2 - 26*9 = 13*9 feet, will be the 
distance of the centre of gravity of the fore body from the centre of 
gravity of displacement. For the after body a similar method is 
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pursued, except that in this case the smaller moment is positive. 
The result gives the distance 13 -5 feet. 

To find the distance the centre of gravity of displacement is below 
the load water line, multiply the sums of the products of the ordi- 
nates of the water lines multiplied by the numbers 1, 4, 2, 4, 1 
respectively by 0, 1, 2, 3, 4 respectively, commencing from the 
load water line downwards ; the sum of these products divided by 
the sum of the first products, and the quotient multiplied by the 
distance between the water lines at the centre of gravity of displace- 
ment, will give the required distance, thus : — 

Load water Vne .. .. 74*7 x 1 = 74*7 X 

Water line (2) .. .. 59*5 x 4 = 238-0 x 1 = 238*0 

„ (3) .. .. 371x2= 74-2 X 2 = 148-4 

„ (4) .. .. 14-2 X 4 = 56-8 x 3 = 170-4 

Keel 3-0x1= 30x4= 12-0 



446-7 568-8 



The distance between the water lines at the centre of gravity is 
thus found ; as the length between the extreme sections : the differ- 
ence of depth in that length : : the length from No. 1 section to the 
centre of gravity : difference in depth due to that part of the length. 

feet. feet. feet. feet. 

80 : 2 :: 41-2 : 1-03 
This added to the depth of No. 1 section, gives the whole depth as 
the centre of gravity = 8 + • 1 * 03 = 9 • 03 feet, which divided by 
4 (the number of water lines) = the distance the water lines are 

apart at the centre of gravity = 2-26 feet. Then ,,n-if X 2-26 

= 2 ' 877 feet, the required distance This method of finding the 
height of the centre of gravity of each water Une is not always 
strictly correct, because the centre of gravity of displacement, 
longitudinally, may not be at the centre of gravity of displacement, 
but the error is so trifling as scarcely to be worth notice. 

In the foregoing calculations the keel is omitted : its dimensions 
are, length 80 feet, depth 1 foot, and breadth 7 inches ; the cubic 
content is therefore 48 feet. 

There is also a trapezium between No. 2 section and the stern- 
post, the depth 10 feet, length 5 feet, and mean breadth 1 foot = 50 
cubic feet ; the total displacement is therefore 

5048-5 + 48 + 50 = 5146-5 cubic feet = 147 tons. 

A full understanding of the reason for each step in the process 

F 
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of the calculations greatly focilitates the proceeding. The first and 
principal object is to find the area of each vertical section. K the 
section were a rectilinear triangle nothing more would be required 
than to take the sum of half of the two extreme ordinates and 
multiply it by its depth ; but the sections of a ship have one side of 
the triangle curvilinear, and therefore this easy method of finding 
the area would give an erroneous result, as it does not include the 
space contained between the right line and the curve. 

There are three methods of obtaining a more correct area. The 
rule for the first, which although the most simple is the most inaccu- 
rate, is — divide the section into a number of equidistant ordinates, 
add half the sum of the first and last ordinates to the sum of the 
remaining ordinates, and multiply their sum by the distance between 
them. Applying this rule to section 7 of the Table, we have 

Ordinate 1 
„ 5 .. 



•3 


Ordinate 2 .. 2*8 


10-7 


„ 3 .. 6-4 


ill-O 


^y T . . U'O 


5-5 
18-5 


18*5 


24-0 




2*282 distance between the ordinates. 



54*768 the required half area. 

Which is slightly diflferent from the tabulated area. 

The second rule, which is commonly called " Chapman's Kule," 
and is adopted in the accompanying calculations, is this: divide each 
section into an odd number of equidistant ordinates, such as 3 or 5, &c. ; 
to the sum of the first and last ordinates add the sum of the odd 
ordinates multipUed by 2, and the sum of the even ordinates multi- 
plied by 4. Multiply the sum by one-third of the distance between 
the ordinates, and the product is the required area ; thus, of section 7, 

Ordinate 1 *8 Ordinate2 .. 2*8 Ordinate 3 .. 6*4 

„ 5 .. 10*7 „ 4 .. 9*8 2 

11-0 12*1 12*8 
48*4 4 



12-8 



48*4 



72*2 
2*282 the distance between the ordinates. 



3)164*76 



54 ' 92 the required half area. 
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Divide the section into any number of equidistant ordinates which 
is one greater than a multiple of three, as 4, 7, &c. ; to the sum of 
the first and last ordinates add the sum of the remaining ordinates 
multiplied by 3, together with the sum of those ordinates one greater 
than a multiple of three, multiplied by 2. This sum multiply by 
three-eighths of the distance between the ordinates, and the product 
is the area required. It is here assumed that the curve which 
passes through the extremities of each succeeding four ordinates is 
a portion of a cubic parabola. Chapman's rule assumes that a 
conmion parabolic curve passes through the extremities of every 
three successive ordinates, whilst the first rule supposes a straight 
line from the extremity of one ordinate to that of the next. 

In practice there is scarcely any difference between the two 
former methods as to the result, but Chapman's rule is the more 
applicable, as it does not limit us so much in the number of ordi- 
nates. As a general rule, when the water lines or the sections are 
very round, or when the vertical sections are more than five feet 
apart, either Chapman's or the "three plus one" rule should be 
employed ; but when the lines are tolerably straight, and the ordi- 
nates are less than five feet apart, then the first rule will give a 
result sufficiently accurate, and firom its greater simplicity it is to 
be preferred ; or the two rules may be combined with advantage, as 
when the vertical sections are much curved, but the water lines are 
rather straight ; thus taking the half areas found by Chapman's rule 



an h. 


-O - - V - "T 


Section 1 


2-4(halO 


„ 2 .. 


.. 11-4 


„ 3 .. 


.. 22-9 


„ 4 .. 


.. 34-2 


„ 5 .. 


.. 431 


„ 6 .. 


.. 51-5 


„ 7 .. 


.. 54-9 


„ 8 .. 


.. 48-7 


„ 9 .. 


.. 37-5 


„ 10 .. 


.. 24-5 


„ 11 .. 


.. 9-3 (half) 




334-55 




7*5 distance between the sections. 




2509*125 half displacement. 




2 




5018* 25 whole displacement. 



^ ^ 
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When the water lines are parallel and equidistant, the displace- 
ment may be found by taking the areas of the water lines and 
applying either of the rules to them ; in the case before us, the 
water lines not being equidistant and parallel, it is almost imprac- 
ticable to obtain an exact result in this way ; though a tolerably 
exact approximation may be obtained, as in the following example, 
the distance between the water lines being supposed to be that at 
the middle of the length, or at No. 6 section ; then taking the areas 
of the water lines by the first rule and completing the calculation 
by Chapman's rule, we have 



Keel . . . . 

Water line (4) 
(3) 
(2) 

Load water line 



3-0x1= 30 
14-2 X 4 = 56-8 
371 X 2= 74-2 
59-5 X 4 = 238-0 
74-7 X 1 = 74-7 



446-7 

7*5 common interval. 



3)3350-25 



1116-75 

2-235 distance between W. L. 



2495 - 9 lialf displacement. 
2 



4991 • 8 whole displacement. 

This, which is a method of finding the displaxiement by horizontal 
instead of vertical sections, differs very little in its result firom the 
more laborious process, and if not quite so correct, it is useful as a 
check on the accuracy of the work. 

In calculating the distance of the centre of gravity of displace- 
ment from No. 1 section, it is required to find the moment of each 
section, which is its distance multiphed by its contents, the sum of 
these moments divided by the sum of the contents will give the 
distance required ; but as this process involves large sums of figures, 
it is curtailed by multiplying the area of each section by the number 
of its place, firom No. 1 ; if then the sum of the areas so multiplied 
is divided by the sum of the areas, and the quotient is multiphed 
by the distance between the sections, the same end is gained vrith 
a less amount of figuring. 

The position of the other centres of gravity is calculated on the 
same principle. 
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I have not thought it advisable to explain the methods of calcu- 
lating the stability, the result of this lengthy process being of very 
doubtful utility, as elsewhere explained. 

It will be seen that the necessary calculations for a yacht are 
extremely simple and easy of performance ; indeed anyone tolerably 
well versed in elementary arithmetic may complete the whole for a 
vessel of about 200 tons in less than an hour, when equidistant 
vertical sections and the water lines at their proper heights are 
drawn in the half-breadth or body plans. 

It' now remains to find the area and position of the centre of 
eflfbrt of the sails. The area of the triangular sails, such as the 
fore-sail and jib of a cutter, is thus found : 




Draw Bd perpendicular to AC, multiply AC by Bd, and 
divide the product by 2, which gives the required area. 

The centre of gravity of a triangular sail is found by bisecting 
A C in e, then two-thirds of the distance B e set off from B towards 
e, will be the centre of gravity of the plane ABO. 

When the shape of the sail is a trapezium, such as the main-sail 
of a cutter, the area is ascertained by dividing the whole plane into 
two triangles by a diagonal as A or B D, and finding the area of 
etwh triangle. 



B 



<r 







•xfTTft'^J 
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The centre of gravity of each of the four triangles being found, 
as at e, /, g, h, and the opposite centres joined by straight Unes as 
ef, g h, the common centre of gravity of the whole plane A B C D 
wiU be at the intersection o(efmthgh. 

The areas of the sails of the schooner (Plate 10), calculated in 
the foregoing manner, wiU be as foUows :— 

Area& 
sq. ft. 

Stay-sail 992 

Fore-sail 1290 

Main-saD 2028 

4310 

The position of the centre of eflfort as to height above the water 
line is found by multiplying the area of each sail by the perpen- 
dicular distance of its centre of gravity from the water line, then 
dividing the sum of these products or moments by the sum of the 
areas, the quotienl; is the required distance, thus : — 

Height of C.G. 
Areas. above L. W. L. 

sq. ft. feet. Momenta. 

Stay-sail .... 992 x 25*6 = 25395 

Fore-sail .. .. 1290 x 32*0 = 41280 

Main-saU .. .. 2028 x 31*6 = 64084 

4310 )130719 

30-33 

30 • 33 = height of the centre of effort above the load water line. 

The distance of the centre of effort from any perpendicular to 
the water line, is found by dividing the difference of the moment 
of sail before and abaft that perpendicular by the area of sail ; 
according sa the excess of the momenta is before or abaft the 
perpendicular, so will the position of the centre of effort be, thus :— 

Distance of the C. Q. 

from a perpendicular 
. at the centre of longi- 
Areas. tudinal section, 

sq. ft. feet. Momenta. 

Stay-sail .... 992 x 35*1 before = —34819- 

Fore-sail .. .. 1290 x 6*0 „ = — 7740* 

Main-sail .. .. 2028 x 27-5 abaft = x 55770- 

4310 

(34819 + 7740 - 55770) ^ 4310 = 3 • 06 feet = the distance the 
centre of effort is abaft the centre of gravity of the vertical longi- 
tudinal section. 
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Tonnage. 

The rule for measuring the tonnage by builders' measurement, 
which was the old legal measurement, is as follows : — 

The length to be taken on a straight Une along the lower side of 
the rabbet of the keel, from the back of the main stem-post to a 
perpendicular line from the fore part of the main stem under the 
bowsprit, from which, subtracting three-fifths of the breadth, the 
remainder shall be esteemed the just length of the keel to feid 
the tonnage ; and the breadth shall be taken from the outside of the 
outside plank in the broadest part of the ship, whether tHat be 
above or below the main-wales, exclusive of aU manner of doubling 
planks, that may be wrought upon the sides of the ship; then, 
multiplying the length of the keel by the breadth so taken, and the 
product by half the breadth, and dividing the whole by 94, 
the quotient shall be deemed the true contents of .the tonnage. 

In calculating the tonnage by the above rule, it should be 
observed that the breadth is not to include the additional thickness 
which the plank may have at the place of the greatest breadth 
more than the bottom plank : thus, when the bottom plank is three 
inches thick, and the wales five inches thick, should the broadest 
part of the vessel be at the wales, four inches must be deducted 
from such greatest breadth. An example of calculating the 
tonnage by builders' or old measurement is as follows : — 

Length between the perpendiculars . . 80 feet. 

Breadth for tonnage 25 „ 

80 

15 = 3-5th8 of the breadth. 

65 = length of keel for tonnage. 
25 = breadth. 



1625 
12-6 = half breadth. 



94)20314-6 



216-8-94 = tonnage O. M. 

The Eoyal Thames and Koyal London Yacht Clubs have 
recently adopted a modification of the builders' tonnage in measur- 
ing yachts for racing purposes. The Koyal Thames Yacht Club 
rule is : — The length shall be taken in a straight line at the deck, 
from the fore part of the stem to the after part of the stern-post, 
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from which, deducting the breadth, the remainder shall be esteemed 
the just length to find the tonnage, and the breadth shall be taken 
from the outside of the broadest part of the yacht ; then multiplying 
the length by the breadth so taken, and the product by half the 
breadth, And dividing the whole by 94, the quotient shall be 
deemed the true tonnage, provided always that if any part of the 
stem or stem-post project beyond the length taken as above 
mentioned, such projection or projections shall, for the pm^poses of 
finding the tonnage, be added to the length, taken as before 
mentioned, and that all fractional parts of a ton be considered as a 
ton. 

The Eoyal London Yacht Club takes the length and breadth in 
a similar manner, but deducts three-fifths of the breadth from the 
length to obtain the just length for tonnage. 
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Tht pri-sent legal measurement: — Divide the length of the upper 
deck between the after part of the stem and the fore part of the 
stern-post into six equal parts. 

Depths, — At the foremost, the middle, and the aftermost of these 
points of division, measure in feet and decimal parts of a foot the 
depth from the under side of the upper deck to the ceiling of the 
limber strake. In case of a break in the upper deck the depths are 
to be measured from a line stretched in a contiuuation of the deck. 

Breadths, — Divide each of these three depths into five equal 
parts, and measure the inside breadths at the following points, viz. : 
at one-fifth and at four-fifths of the upper deck of the foremost 
and aftermost depths, and at two-fifths and four-fifths from the 
upper deck of the midship depth. 

Length, — At half the midship depth, measure the length of the 
vessel from the after part of the stem to the fore part of the stern- 
post; then to twice the midship depth add the foremost and the 
aftermost depths for the sum of the depths. Add together the upper 
and lower breadths at the foremost division, three times the upper 
breadth and the lower breadth at the midship division and the 
upper, and twice the lower breadth at the after division for the sum 
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of the breadths. Then multiply the sum of the depths by the sum 
of the breadths, and this product by the length, and divide the final 
product by 3500, which will give the number of tons for register. 

The new measurement is more adapted for ascertaining the inter- 
nal capacity of a merchant vessel than for estimating the size of a 
yacht. It haa one serious drawback to its general adoption, as it is 
nearly impossible to decide upon the precise tonnage a vessel will 
have before she is completed, and therefore it has fiedled of the in- 
tention of its promoters in improving the form and dimensions of 
vessels to be measured by it, as although the law has now been in 
force since 1826, vessels are invariably bargained and paid for per 
ton of builders' measurement. 

As the subject of yacht measurement has lately attracted a large 
share of attention, and is so closely connected with the improvement 
of yachts, it may not be beyond the subject of this work if we 
examine the question rather minutely, and in so doing we shall give 
a slight sketch of the past history of racing yachts, and endeavour 
to show how fer the club measurement has affected them, and what 
is really required in any club measurement. 

For many years after the establishment of the Eoyal Yacht 
Squadron, yachtsmen seem to have been afraid of anything new, and 
to have deferred to the notions of sea-going and ** experienced" men. 
The full bow and fine run were the peculiar characteristics of the 
fiistest yachts of each class, and although improvements of form 
were gradually effected, yet the "cods head and mackerel's tail" 
was the only admired construction. From experience it was found 
that such vessels measured by any standard were deficient in nearly 
every essential for speed. The hull above water was ponderous and 
large, thus rendering the vessel crank, and exposing a large surface 
to the wind. At sea the full bow is very detrimental to speed, each 
successive wave nearly stopping and frequently striking the hull 
with dangerous violence. The only thing to be said in fevour of this 
form is that vessels so constructed are comparatively dry, but this 
dryness is invariably purchased at the cost of velocity, as a vessel 
moving slowly can hardly be expected to throw the water over her- 
selfl These vessels had a midship section more resembUng that of 
the ' America ' than of the narrow clippers which succeeded them : 
the greatest width was considerably above the water Une; the stem- 
post was upright, or nearly so, and the deck very round forward. 
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On a modification of this type the 'Arrow ' and 'Alarm ' were built, and 
the very decided improvement effected in both these yachts by being 
lengthened forward affords a convincing proof of the march of im- 
provement in the form of £Eist vessels made latterly. The 'Alarm' 
for many years was looked upon as the champion yacht, until a new 
class of vessels constructed upon diametrically opposite principles 
appeared ; and the feet of the ' Heroine,' of thirty-five tons, beating 
the 'Alarm ' in a race at Gowes, drew general attention to the yachts 
built by Mr. Wanhill, of Poole. 

To Mr. Wanhill must be awarded the praise of originality. He 
saw the mors of the match-sailiiig system, and profited by them. 
It is unfair 4o place the vessels built by him years ago in compari- 
son with those now built ; but they stand out in strong relief from 
those that immediately preceded him. In fact, it is not too much 
to say that the introduction of the Poole vessels made a far greater 
stride towards an improvement in speed than was made by the 
'America.' Immediately upon their appearance a revolution was 
effected in the form of every yacht intended for racing, and spread 
itself insidiously into nearly all classes of yachts. Mr. "Wanhill 
was the first builder who had the courage to build vessels much 
sharper at each extremity than any then existing ; and, knowing 
well that speed depends in a great measure on size, he raked the 
stem-post, and increased the depth, thereby obtaining a larger 
vessel without increase of tonnage, according to the old law ; and 
seeing that breadth was the principal element in the tonnage, he 
decreased the breadth ; at the same time, by increasing the depth, 
and employing lead for ballast, he both lowered the centre of gravity 
and increased the capacity for ballast, thus enabling his vessels 
with small hull to carry a large area of sail. 

The chief characteristics of the Poole vessel were then the raking 
stern-post, great fineness of the water lines at both extremities, great 
draught of water, a reduction of breadth, lead ballast, and eiiormous 
sails. Although the object of speed was attained by these means, it 
was met by serious counterbalancing evils: there is Uttle comfort at 
sea in such vessels, the great weight of ballast makes them plunge 
heavily, they are wet, require a numerous crew to work the sails, 
and there is comparatively little room below for the owner. How- 
ever, where speed was the object these vessels found particular 
fevour, and many yacht builders, following in Mr. Wanhill's 
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wake, designed vessels on similar principles, if not with similar 
success. 

On this system our dippers were constructed until the arrival of 
the * America ' made a third era in yacht building. She differed from 
the Poole vessel in every respect excepting the large sails ; she had 
little ballast, was rather shallow than otherwise, had an upright 
stem-post, great breadth, remarkably sharp water lines, and her 
main breadth was much farther aft than was then general. This 
gave her a great advantage at sea, as from her small displacement 
she was not only lively, but affected by the action of the waves less 
than a vessel with a fuller bow and greater weight. But it was not 
only at sea that the 'America' was remarkable; she gave convincing 
proof of her speed on more than one occasion, and hence arose an 
almost supersidtious admiration for anything American applied to 
yachting. That the 'America' was a vast improvement on our 
yachts in many respects no one will deny, but she has generally 
been measured by one standard and admired by another. The idol 
has been admired for her speed as compared with our schooners, and 
measured for her accommodation as compared with our cUppers ; or 
rather, in admiring the talent of the Americans in designing their 
craft, we have forgotten to blame ourselves for placing a barrier 
against improvement in the construction of large yachts. "With 
our miserable tonnage laws, we could never hope to compete with 
the untrammelled American ; our &stest vessels were such small 
cutters as were able to avail themselves of a shuffling evasion of 
tonnage. Applied to larger craft this evasion was inadmissible; 
hence little or no improvement is to be traced in the construction 
of large-class yachts for many years prior to 1851. However, the 
'America' set our builders to work, and nothing was to be seen 
but long bows, or lengthened bows. In many instances this has 
been carried to an absurd extent, proving how little science has 
been brought to assist the naval architect. The success of the 
' America ' is to be attributed to a far more intricate combination 
of qualities than those who see nothing remarkable about her ex- 
cept the sharp water lines imagine. She had evidently been con- 
structed with great care, her centres of gravity were weU adjusted, 
the sails balanced with considerable skUl, and what was probably 
of still more importance, she had an excellent crew. In many 
of those yachts built in England since 1851, the 'America' has 
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been adopted as a model, but instead of analyzing the elements of 
that vessel before attempting to copy her, our builders have dashed 
blindly at the long bow, and omitted every other part of the ori- 
ginal ; yet the builders are not altogether to blame ; they have to 
supply vessels built in accordance with the prevailing taste, and 
thus, in many instances, yachts were constructed which differed 
materially from what the better judgment of the builder suggested. 

The appUcation of the tonnage law to yacht races has acted most 
prejudicially to the interests of the yachtsmen ; certain classification 
and measurement has been adopted, but it has frequently happened 
that some one yacht, avaiUng herself of the defects in the tonnage 
law, ha« particnlarly distinguished herself; wherever she appeared, 
the entries diminished in number ; the sailing committees finding 
the regattas on the decline made some stringent rules, pointed ex- 
clusively at bringing the fast yacht to the level of the slower, and 
no sooner did a small yacht succeed in vanquishing a larger one, 
than the " time" hitherto allowed her was abolished. The sole aim 
of the sailing committees appears to be the sustentation of their 
races ; they forget that in the natural course of things an improve- 
ment in the form of the yachts takes place, and the fact of the 
small vessel beating a larger is but an indication of advancement in 
the right direction, and shows that their efforts in encouraging a 
swifter class of vessels have met with success beyond their expec- 
tation : that the vessels are bad is the feult of the system and of 
the measurement, and the remedy consists in substituting a better 
system and better measurement. 

It therefore appears that the club measurement has had a great 
but most pernicious influence on the construction of yachts and in 
the promotion of sport ; and before a remedy can be applied it will 
be necessary to determine by what standard their speed is to be 
measured; whether the speed is to be positive or comparative; 
whether it is the actual speed through the water, without respect to 
any consideration of the size of the vessel ; or whether it is the speed 
of one vessel compared to that of another of different dimensions. 
Now, this is most important, because it may happen that unless the 
measure be a good one the comparison may be unjust, as the larger 
vessel may be the slower. Bearing in mind that the object of a 
sailing match is that the fastest vessel should win, and that where 
two or more yachts of unequal sizes are matched the fastest in pro- 
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portion to size should win, we require a means of estimating the 
size, and so handicapping them that the best yacht shall not sail 
under any disadvantage. The present tonnage measurement has 
been productive of the present class of racing yachts, a class which 
no one can wish to see perpetuated, as it includes very many 
bad features. As a substitute, some of the clubs have adopted a 
modification by taking the length aloft instead of the length below. 
This is probably an improvement, but will merely affect the rake 
of the stem-post. Some experienced yachtsmen advocate one 
simple measure, that of length only, but this is doubly objectionable, 
as it admits unlimited breadth and unlimited depth ; thus we should 
have broad yachts, which from their form would have great stability, 
and consequently carry large sails, entailing all the miseries of un- 
seaworthiness, expense, and deficient accommodation. Other pro- 
positions for an amended plan of measurement have been suggested, 
but they all appear to be based on a wrong foundation ; they con- 
template merely an alteration of the existing tonnage, and the 
substitution of some other measure of the capacity of the vessel 
whereby to measure her speed. These two things — speed and 
capacity — are so opposite, that they can hardly be reconcilea or 
compared. We have seen the 'Heroine' beat the 'Alarm,' the 
* Arrow ' and ' Mosquito ' beat the * America,* yet no one thought 
the * Heroine ' a better vessel than her opponent, or would have 
preferred either of the cutters to the schooner. 

What, then, is really required ? First, a measure of the hull for 
club purposes, or as a means of comparison ; and second, a measure 
for racing purposes. For the former, the old tonnage may be as 
good as any other measurement; and for the latter we require some 
limit which may admit of a fair and equitable classification or means 
of handicapping for a race, while it leaves the naval architect at 
liberty to construct his vessel on any system which he may think 
proper, without permitting him to infringe or evade the measure- 
ment. Not only should this unit of size offer inducements to 
improve the forms of yachts, but it should aim at an improvement 
in the rig and arrangement of the saUs. When such a measure- 
ment is established, we may hope for the substitution of correctly- 
modelled yachts, in lieu of the over-sparred and over-manned vessels 
which are to be found at the starting buoys of every regatta. 

The &ct is, that the only correct measure of a yacht for racing 
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purposes is the measurement of the sails. Its great simplicity and 
practicabiUty are only secondary recommendations to the evident 
advantages to be derived from its adoption ; no valid objection except 
that of novelty has ever been raised against it, and the most bene- 
ficial results are to be expected were this method of measurement 
applied to racing craft. This is more particularly apparent when 
preparing a drawing for a racing yacht. The first question naturally 
is, What vessel is it required to beat, and by what means is she to 
be beaten ? By larger sail or by larger hull, or by observing the 
same dimensions precisely ? It never occurs to us that the end is 
to be attained by reducing any part of the original. If the sail is 
increased we gain an advantage over our opponent which should 
attract the attention of the handicapper quite as much, or more, 
than an increase in what is settled to be no longer a measure of the 
hull. If with smaller sails we out-sail our rival, who can say that an 
improvement in the form of our vessel is not the cause. "We have 
given the owner a yacht of equal size and of greater velocity, re- 
quiring a less crew, and consequently of less cost to maintain, and 
wilt some additional internal spa.^. 

By the present system the attempt to improve is discountenanced, 
and a set form of vessel which is daily abused by its promoters is 
forced upon us ; and no one yacht club is yet found bold enough to 
originate some substantial correction of a system which they all 
acknowledge to be fundamentally wrong. The only objection to 
the measurement of the area of sail is that the innovation is too 
great ; but it must be borne in mind that the remedy should be 
proportional to the disease, and surely the disease is great enough : 
all half measures, or patching of bad ones, are of Uttle or no avail ; 
it has and will only beget fresh evasions, to be met by fresh alter- 
ations, without in any way producing yachts constructed on better 
principles than those we have at present. 

It may be considered doubtful whether the actual sails could be 
measured, and therefore a method of approximating to the correct 
area has been suggested; but there can be no difficulty about 
measuring the sails themselves, and in so doing it is a question 
whether the largest top-sail and the largest jib should be included : 
by including them balloon sails would cease to appear, and when a 
yacht of any diflTerent rig than the usual cutter or schooner ventured 
to race, she would contend on even terms as to sail at least ; or if, 
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as is frequently the case, some yachtsman would start his vessel, 
weU knowing her powers in saiUng to windward, but also aware 
that without balloon sails his hardly-contested laurels would be 
snatched from him by some sailing machine that can double his 
spread of canvas when before the wind, then the over-sailed clipper 
must aUow his adversary "time" m proportion to the additional 
sail, or else not hoist it. 

One of the prominemt advantages of the adoption of the sail mea- 
surement is, that the most difficult questions in match saihng would 
meet with an easy solution. When the number of crew is propor- 
tional to the work to be done, or in other words, to the sail they 
would have to set and work, there could arise no dispute on this 
head. Again, the allowance of time for additional size can be so 
admirably arranged when the area of sail is the racing measure of 
size, that when once a good time table was established all trouble 
or annoyance on this score would be obviated. Unless there is an 
allowance of time for size, the sail measure loses half of its evident 
advantage, and the races their interest ; with it, yachts of different 
sizes and rigs can contend in the same race with a fair chance of 
winning; without it, only one size of yacht can have a chance. 
The following Time Table, adapted to the sail measure, is a part of 
the system of measurement now advocated ; in fact, in all matters 
of racing the time table is of as much importance as the measure- 
ment. This Table was constructed on a careful consideration of the 
performances of the * Mosquito,' ' Volante,' * Secret,' * Phantom,' 
* Vampire,' and * Vesper,' which had sailed so often together that the 
time either of these yachts could beat the others was known to a 
nicety. It may be added, that a vessel of twelve tons sets about 
1500 feet, and a vessel of fifty tons sets about 4500 feet. 

The following Table is calculated on the assumption that the 
allowance of time should bear some proportion to the duration of 
the race. Thus, a vessel, the area of whose sails is 8000 square 
feet, would allow 24| minutes to one of 2000 square feet area in a 
race of eight hours, but only fifteen minutes if the race lasted six 
hours ; the length of the match to be estimated from the time the 
first vessel takes in saiHng over the course. 
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Table of Time for Difference of Size m Yacht Matches 
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Sghooneb Yacht. — Plate 1. 

This drawing is intended to illustrate the method of construction by 
Chapman's parabolic system, and is particularly referred to at page 45. 
The Table oi Calculations relates to this vessel. 

In this drawing the load water line is the base, and the intermediate 
water lines are placed at equal distances between the load water line 
and the lower edge of the rabbet of the keel. The ticked lines in the 
half-breadth and body plans show the form of the water line when the 
vessel is inclined 10^. 

The * America.* — Plate 2. 

Was designed by Mr. Steers, and built in 1851 by Wilkes, of New 
York, for J. C. Stevens, Esq., Commodore of the New York Yacht 
Club. She crossed the Atlantic with reduced spars and sails refitted 
at Havre, and arrived at Cowes, July 31st, 1851. On the 22nd of 
August she won the Eoyal Yacht Squadron Cup, beating the * Alarm ' 
(cutter) and several other fast yachts, and on the 28th of the same 
month she beat the ' Titania,' schooner yacht, in a private match. A 
few days afterwards she was purchased by Lord de Blacquiere. In 
1852 she sailed at the regatta of the Eoyal Victoria Yacht Club at 
Ryde, and was beaten by the * Arrow ' and * Mosquito '; shortly after- 
wards she was successful in a match with the Swedish schooner 
* Sverige.* 

On an investigation of the elements of the * America * set forth in 
Table VIII. , we shall see most of the material points in which she 
differed from English schooner yachts. Her displacement, area of 
load water line, and area of midship section are remarkably small in 
relation to the circumscribing dimeusions. The centres of gravity of 
displacement, of area of load water line, and of vertical longitudinal 
section are placed much farther aft than was usual, and her centre of 
effort of sail is far aft. She was in fact a vessel with a small hull 
in proportion to her dimensions, and therefore she was able to avail 
herseK of much sharper water lines than had previously been 
attempted in large yachts, consequently the small amount of resist- 
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ance to progressive motion which she experienced in proportion to the 
lateral resistance, admitted of her being sailed very near the wind 
without her speed through the water being materially diminished. It 
is much to be regretted that no very decisive trial took place between 
the * America * and other fast yachts whilst her American crew manned 
her. The trial for the Koyal Yacht Squadron Cup was for many 
reasons most unsatisfactory, and the *Titania' was certainly an 
opponent unworthy to contend with such a powerful yacht. In somie 
respects the * America ' is inferior to the English schooner yachts of 
about the some size ; she has less accommodation below, and deficient 
head room in the cabins. By retaining the principal points of her 
constructive elements, and adopting a rather different form of midship 
section it is probable that a combination of the advantages of both 
classes might be the result. 



* TiTANiA ' (now * Tmama').— Plate 3. 

Was built by Messrs. Kobinson and Kussell, of Millwall, in 1851, 
for Kobert Stephenson. She is always considered to be the repre- 
sentative of the wave system of construction, having been designed 
by Mr. Scott Eussell. Her peculiarities are, small displacement and 
small area of midship section in proportion to the circumscribing 
dimensions, and the several centres of gravity except the centre of 
vertical longitudinal section are far aft. She has a very full water line 
aft, and her stern-post rakes excessively ; to which may be attributed 
the peculiar arrangement of the centre of effort of sail : it would 
appear as though the position of the masts had been determined by 
some rule founded on the length of deck, and consequently the masts 
were stepped too far aft. The system of construction on the wave- 
line principle as explained by Captain Fishboume is shown by 
the ticked lines in the half-breadth plan ; however, it seems that the 
rule laid down by that author is not applicable to the load water 
lino of the * Titania.' Whether this discrepancy arises from an error 
in the drawing, or from an error in his description, it is impossible 
to say. 

* Mart Taylor.'— PZa^e 4. 

Although strictly speaking the * Mary Taylor ' cannot be classed as a 
yacht, yet no apology is needed for introducing her among a collection 
of drawings of fast vessels. She was designed by Steers, the constructor 
of the ' America,' and was the first vessel of her class or description. 
The present drawing is taken from some spilings given in Grifl&ths's 
Naval Architecture. 
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The peculiarities of the * Mary Taylor * are her extreme shallowness 
of floor and great depth of keel, small displacement, and the great 
distance at which her midship section is placed abaft the middle. It 
must be borne in mind that she was constructed for a peculiar service, 
and no doubt she admirably answers the end in view. The pilots 
require a vessel that can not only sail well on all points to enable 
them to catch and keep up with large vessels at sea; but one that 
will lay to easily in all weathers. For this latter service the * Mary 
Taylor' appears to be well adapted, as her small displacement and 
sharp bow render her buoyant and dry, when laying head to wind, 
and her sharp lines must cause her to reach well ; but it may be 
doubted how far these qualities are compatible with speed on a wind. 
In fact her owner (the captain of the * America') asserted that she 
answered his purpose exactly, but expressed a doubt as to her sailing 
very fast to windward in a seaway. Very probably her constructor 
was aware of this, as in designing the ' America ' he increased the pro- 
portion of depth considerably. The arrangement of the centre of 
effort so as to produce a good balance of fore and after sail plainly 
indicates the great pains taken by the constructor in adapting the sails 
to the hull, otherwise with some parts of his vessel so widely different 
from ordinary vessels he would most likely have produced a complete 
failure. 

The * Mosquito.' — Plate 5. 

Is an iron yacht built by Mare, of Blackwall, in 1848. There is 
some doubt as to whom the credit of designing her belongs. Mr. 
Ditchburn and Mr. Waterman both claim the honour. On her first 
appearance, in 1848, as a racer, she won a prize of the K.T.Y.C, 
beating the * Arrow,' * Heroine,' and others. For some years she was 
an xmfortunate vessel, as although she occasionally carried off a prize, 
yet she was generally beaten by the * Cynthia,' ' Cygnet,' or * Volante,' 
whenever she came into competition with these yachts. 

In 1852 Lord Londesborough (who had purchased her the year 
before) engaged the successful captain of the ' Cygnet,' and the result 
in the change of commanders was soon manifest. 

In 1852 and 1853 the ' Mosquito ' was engaged in sixteen races, and 
was beaten but once, at Ryde, the 'Arrow' coming in a foot or two 
only in advai^ce. During this victorious career she was opposed to 
nearly every fast yacht afloat. The * America,' * Arrow,' * Alarm,' 

* Volante,' * Cynthia,' ' Aurora,' and ' Julia,' were among those that 
had to acknowledge the wonderful sailing properties of the formidable 

* Mosquito.' 

Lord Londesborough parted with her in the autumn of 1853, and 
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she became the property of M. Faye, of Dronthoim, who kept her in 
the Baltic till the early part of 1856, when she once more appeared 
in England, and was purchased by Mr. Young. 

The ' Mosquito ' was essentially one of the deep class of cutters, and 
it should be remarked that although constructed in 1848 she possessed 
many of the qualities for which the * America ' was so much admired 
three years afterwards : the angle of the load water line forward in the 
former, is but one degree less acute than in the latter, and the position 
of the several centres of gravity and of the midship section is farther 
aft than was usual. By a careful comparison of the elements of their 
construction wo shall find that in many principal proportions there is 
great similarity between the * America ' and the * Mosquito.' It may 
be doubted whether the * Mosquito * would have answered had she 
been constructed of wood : her keel and garboard plates were of very 
thick iron, weighing several tons ; this, added to the thin material of 
her bottom, admitting the ballast to be stowed near the keel, 
brought the centre of gravity of the ballast very low down, 
and enabled her to carry immense sails. She differed from the 
generality of racing yachts in one important particular, as she had 
large cabin space, and had upwards of seven feet height between 
decks ; and, in complete opposition to the commonly-received notions 
concerning racers, that internal fittings are detrimental to speed, she 
had five complete bulkheads across her, besides two half partitions. 
As it may be interesting to many yachtsmen to know in what manner 
she was prepared for racing, I may state that on no occasion was any 
bulkhead ever removed; the doors were sometimes taken down, the 
sofa lockers removed, and taken out of the vessel : the contents of the 
forecastle and sail-room aft were transferred to the main cabin, 
together with the windlass, anchors, and any weighty part of the 
equipment, which were placed under the platform of the cabin. 

The principal fault in the construction of the *- Mosquito ' was the 
excessive fulness of her water line abaft, which caused her to drag a 
largo wave on the lee quarter. 

The dimensions of her spars were as follows : — 

ft. 
Length of mast, li eel to cap .. .. 51 

Hoist of main-sail 37 

Length of mast-head 9 

top-mast, heel to sheave . . 37 

boom 52 

gaff 37 

bowsprit 46 

housed .. ..12 G 
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The * Cygnet/— PZa^e 6. 

Was built in 1846, by Messrs. Wanhill, of Poole, for Hedworth 
Lambton, Esq. The Messrs. Wanhill had greatly distinguished 
themselves by building the ' Heroine,' a cutter of 35 tons : this yacht 
had in 1845 beaten the * Corsair,' 86 tons, at Weymouth, and the 
celebrated * Alarm,* 196 tons, at Cowes. Her builders doubtless 
imagined that they could construct another vessel of similar ^tonnage 
to eclipse their previous production, — whether the ' Cygnet ' realized 
these expectations is not exactly proved. 

The first match sailed by the * Cygnet ' was on the Thames, where 
she met the * Heroine,' and after a closely-contested race the latter 
was victorious. The same yachts met again at Kyde, where in two 
following races the 'Heroine' carried off the prize. It was not till the 
regatta of the Koyal Victoria Yacht Club in 1847 that the * Cygnet ' 
may be said to have commenced her fortuuate career ; on that occa- 
sion she beat the * Eclipse,' * Daring/ &c. In 1848 the captain of the 
* Heroine ' was engaged by Mr. Lambton, and in that year we find her 
sailing at Southampton, beating the 'Arrow' and 'Vision*; and on 
the following day beating the 'Vision,' a yacht of 45 tons, also 
built by Messrs. Wanhill : this race was adjudged to be re-sailed, and 
the ' Cygnet ' again showed her superiority by beating the ' Vision ' in 
a gale of wind. In 1849 an alteration was made in her quarter 
(shown by the ticked lines in the body plan), which improved her 
both in speed and appearance. She won the Eoyal Thames Yacht 
Club Challenge Cup, beating the 'Cynthia' and 'Mosquito.' Sho 
also won Her Majesty's Cup at Cowes, when her opponents were the 
' Arrow,' ' Gondola,' and ' Dryad.' In 1850 she was again victorious 
in the Thames, winning Her Majesty's Cup, and again at Poole in the 
same year, on each occasion beating her old rival the ' Heroine.' 

But it was not so much in her victories that the ' Cygnet ' distin- 
guished herself as in her defeats ; in six races of the Koyal Thames 
Yacht Club she had to contend with the ' Cynthia,' ' Mosquito,' and 
' Volante,' each of 50 tons, and although she was unsuccessful in these 
races, her excellent sailing attracted as much attention as that of any 
of her adversaries. More than once she lost a race by less than a 
minute, and generally gained the second place. She was never beaten 
by any yacht of smaller tonnage than hterself, and may fairly be taken 
to represent the champion yacht of het size. 

The principal fault of the ' Cygnet ' consisted in her bow being too 
full, hence it was found by those well able to judge of her capabilities 
that it was impossible to get more than a certain velocity out of her, 
as when she had once acquired that speed she made such an excessive 
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surge at tlie bow, that no increase of sail could be available. This 
fact might be more particularly noticed in the matches on the Thames, 
where her large opponents usually ran her by about twelve or fourteen 
minutes between Erith and the Nore : but no sooner were they on a 
wind, when the progressive motion in the line of the keel is necessarily 
less, than the ' Cygnet ' invariably improved her position in the race. 
An addition of about four feet to the length of the bow would un- 
doubtedly have greatly increased her speed in reaching, but she could 
hardly be expected to display the same rapidity in tacking had the 
alteration been made. The defect in her construction alluded to may 
bo traced in the calculations. We find every element embracing the 
longitudinal position of any centre of gravity remarkably far forward 
as compared with other clipper yachts of nearly the same size. 

The ' Heroine ' in many respects resembled the * Cygnet,* but she 
had a sharper midship section, was sharper forward, and of less dis- 
placement. 

* Thought.'— PZate 7. 

Was built in 1852 at Wivenhoe, by Harver, the builder of the 
*Volante.* She was found not to answer the expectations of her 
owner, who had her taken completely apart in 1854, and remodelled 
and built by Hatcher at Southampton. In the drawing, the ticked 
lines represent the original vessel, the plain lines the * Thought' as 
rebuilt. In 1854 she was beaten by the 'Phantom' three or four 
times, but afterwards, under a more able captain, she beat her rival on 
three occasions. In 1855 she was again beaten by the ' Phantom.' 

The * Thought * is a small vessel in proportion to her dimensions ; 
the various centres are placed considerably abaft the middle, except 
the centre of vertical longitudinal section, which, on account of the 
raking stern-post, is situated before the middle of the load water line. 
It will be noticed that the * Thought ' is of about the same length and 
depth as the ' Cygnet,' consequently the expense of building must be 
nearly equal ; but in point of speed and accommodation there can be 
little doubt as to the advantage being on the side of the * Cygnet.' 
Such vessels as the 'Thought' and 'Phantom' are engendered by the 
tonnage law, and are comparatively of little or no use except to sail in 
races. 

' Vesper.'— PZate 8. 

The ' Vesper ' was built in the early part of 1851 by Kubie, from a 
design of the author. She is a fast and roomy little craft of fifteen 
tons, O.M., and is remarkable for having weathered the fearful gale of 
August 11th, 1852, during the height of which she rounded Portland 
Bill without a fore hatch and with an open cockpit. 
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Sho would probably be improved in speed by addition to her length 
forward. In this drawing the rabbet of the keel is the base. 

The * Little Mosquito.' — Plate 9. 

Was built by Hatcher at Southampton in 1853, in which year she 
was successful as a racer. In 1854 she appeared on the Thames, and 
won six prizes in succession, beating many larger craft. 

I have introduced the drawing of the * Little Mosquito ' because in 
many respects she diflfered from the generality of racing yachts. She 
was built to compete with the small craft at Southampton, where for 
racing purposes the measure of length only is taken, consequently 
her builder aimed at producing a large boat of 23 feet length, as 
is evident from her upright stem-post and great comparative breadth. 
That this system of construction is not incompatible with speed, is 
proved by the fact of the * Little Mosquito ' beating many fast yachts 
of larger tonnage and of very superior length and depth. 

I have attempted to show in the ticked bow and stern the method 
of lengthening (alluded to at page 53), apart from the question of 
whether such alterations are desirable. At the fore part the stem is 
produced 30 inches, and the lines of the sheer and half-breadth plans 
are carried out to this extent. At the stern a raking stem-post is sub- 
stituted for an upright one. 

' Flying Cloud.'— PZa^e 10. 

This beautiful 75-ton schooner was built at Lymington, in 1852, 
by Mr. W. Inman ; at the same time the * Vestral ' was built by his 
brother Mr. G. Inman, but never raced until bought of J. Fleming, 
Esq., by her present owner. Count Edmund Batthyany, in 1862, who 
had her hauled up at Hansen's yard and a two-ton lead keel put on 
her ; her masts at that time raked like the ' America's ' ; her fore-mast 
was replaced by her main-mast, and a tauter main-mast put in ; she was 
completely refitted inside and out ; new gear, anchors, chains, boats, 
and so on, and had also a new suit of sails by Lapthorn. 

Her first appearance as a racer was in the Koyal Thames schooner 
match of Jime the 23rd, in which she won the gold shield valued at 
lOOZ., against * Galatea,' 131 tons ; * Shark,' 161 tons ; and ' Leonora,' 
105 tons. 

The * Flying Cloud ' has since successfully competed with many of 
the most celebrated yachts of the day. 

On June 12th, 1871, she sailed in K.L.Y.C. schooner and yawl 
match, entering as 100 tons, and took second prize, beating * Livonia ' 
by time allowance 27 minutes 4 seconds, ' Gloriana ' by 16 minutes 
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20 seconds, and * Gwendolin* by 20 minutes 20 seconds, without time 
allowance. 

The following are her dimensions and particulars of her spars, 

sails, &c., at the present time : — 



Hull. 






»» 



Ixjngth 74 

Breadth 15 

Depth 9 

Draught aft 9 

„ forward 4 



Spabs. 

I^cngth of main-mast . . 
deck to hounds 
mast-head . . 

Hoist bf main-sail .. 

Top-mast fid to sheave.. 

Toi)-sail yard, extreme . . 

Balloon 

Boom 

Caff 

Length of fore-mast 

„ deck to hounds 

„ mast-head .. 

Hoist of fore-sail . . 

Top-mast fid to sheave.. 

'J'op-sail yard, extreme . . 

Jialloon 

Gaff.. 

Bowsprit, from knightheads 
to end 

8quare-sail yard, extreme . . 

Scjuare top-sail „ 

'J'affrail to ccnti-e mtdn-must 

Centre of main-mast to centre 
of fore-mast 

Centre of fore-mast to knight- 
heads 



ft In. 
9 
5 
5i 
9 
6 



>» 



23 6 

45 G 

28 

3G 

23 6 

24 



Canvas. 



52 


6 


46 





6 


6 


40 


6 


27 


6 


21 





38 





45 


6 


27 


6 


49 


3 


44 





5 


3 


38 


6 


24 


6 


18 


6 


36 





21 






Main-sail 

Fore-sail 

Stay-sail 

Istjib 

2nd jib 

3rd jib... 

4thjib 

5th jib.. .. 

Muiu top-sail 

Jib-headed top-sail .. 

Fore top-sail 

Balloon main top-sail 
fore top-sail . . 

jib- 

stay-sail 

Jib top-feail 

Square sail 

,, top-sail 

Spinnaker 

l^Iain top-mast sttiy-sail . . 

Two water-sails 

Main try-sail 

Largo balloon main top-sail 

Total .. 



j> 






M|.fb. 

1718 

1012 
472 
578 
442 
296 
165 
98 
436 
297 
395 
625 
494 
973 
596 
481 

1710 
882 

2075 
363 
445 

1058 
754 

16,375 



Sail Drawing.— P/a/6 11. 

The sails of the schooner yacht, Plate 1 (page 81). The proportions 
and position of the masts and spars is taken from the Table of schooners* 
spars (page 36). The centre of effort when the three lower sails are 
set is 3*09 feet abaft the centre of vertical longitudinal section. 
When the top-sails and jib are added, the centre of effort is 3 • 5 feet 
before the centre of vertical longitudinal section. In the former case 
the proper position of the centre of effort would be at '006 of the 
length of the water line abaft the centre of vertical longitudinal sec- 
tion, or 80 X 006 = '48 foot abaft. The centre of effort is therefore 
2 • 58 feet too far aft ; this may be accounted for by the great compara- 
tive draught of water forward, which determines the centre of vertical 
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longitudinal section farther forward than is usual. In order to restore 
the balance, some alteration in the arrangement of the sails is neces- 
sary ; either the whole body of the sails may be shifted forward or the 
main-sail reduced, or the stay-sail enlarged, or some arrangement 
made by which the centre of eflfort is brought 26 feet farther forward. 

Model Yacht Building. — Plate 12. 

The tools necessary for Model Yacht building are a pair of com- 
passes, small compasses with a pencil, a good sized-square, a very 
long ruler, long parallel rulers, a few wooden moulds of various sizes 
and shapes for acting as rulers in drawing curved lines, and a bow pen, 
drawing paper, a steel spring of about a foot in length, a small hatchet, 
a large saw, a tenon saw, a lock saw, a large chisel, a carpenters* 
square, a large and a small gouge, a spoke-shave, a small smoothing 
plane, a large rasp with one side round — one flat, a smoother file, a 
large gimlet and screws, a turn-screw, a quantity of glass paper, some 
pumicestone, white paint, black paint, and copper bronze ; some pieces 
of pine, in which the grain runs straight and without knots, cut into 
long thin strips about four feet long, a quarter of an inch broad, and 
about one-eighth of an inch thick. These must be accurately straight 
on every side, and of equal thickness throughout : — they are called 
" battens." 

The paper is nicely stretched upon the drawing board. The body 
plan is drawn at the top of the paper, the sheer plan in the middle, 
and the half-breadth plan below. Draw a line, a h, Plate 12, across 
the paper, and parallel to the ends of the paper ; — draw c d, ef, g h^ 
parallel to the sides of the paper ; and in about the position shown in 
the diagram, c d is to be the water line in the body plan ; e f the 
load water line in the sheer plan, and g h the middle line in the half- 
breadth plan. Now we must come to a standstill for want of suffi- 
. cient data. Are we to be given the form of the midship section ? or 
the form of the chief " dividing line " in the three plans ? And then, 
again, may we have the draught of water just as we choose ? We will 
suppose the form of the midship section not to be actually given, but 
only the breadth and depth at the midship section to be fixed upon : 
then we take our steel spring and some leaden weights, and adhering 
to the given depth and breadth, we give the spring what curve we like 
and rule it on the paper (as in the diagram). The next thing to be 
done is to determine the chief dividing line; — that taken from the 
point o will most likely be the greatest ; and the point at which it is 
to be made to cut the midship section, ^, must be determined by 
experience. If that point be too near the keel, then this dividing line 
will have a greater curvature in the nlioer plan ; if it be too near the 
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load water line, the curvatare will be greater in the half-breadth plan. 
The latter would be better for long narrow vessels which require 
great floor ; very little rise of floor, and great depth of hold, as coast- 
ing vessels for mud harbours, or steamers, or the long narrow merchant 
vessels now built. The other, however, must be chosen for shallow 
flat-bottomed vessels, and a medium for yachts. We will suppose, 
then, that k is the point fixed upon ; — ^measure the distance from k to 
the line a 6, and lay it off in the half-breadth plan a& hi. Take the 
distance from ktocd, and lay it off in the sheer plan as m n. Let 
gh OT ef he the length of load water line determined on ; p the point 
at the stem, to which it has been determined to take the chief divid- 
ing line ; and there remains for us to sweep in the curve of this 
dividing line in both the sheer and half-breadth plans. 

That part of the diagram which we are supposed to have already 
drawn, is in plain lines. We will now establish ticked lines from this 
stage of the proceedings, so as not to confuse our readers, and thus 
render the preliminary part of our elucidation more obscure. Our 
next object is to determine the form of the load water line. ^If we 
instantly draw all the sections, we shall run the risk of much difficulty 
and confusion, and have to put our india-rubber greatly in request, 
the paper will get dirtied and marked, and we shall at last get puzzled 
with all the lines we have drawn, so as not to know which are the 
right ones and which the wrong. We must for the present therefore 
put in only two other sections, at equal distances from the midship 
sections (that is to say, from the line a h). These we have marked B, 
and 2, respectively. Let them cut the chief dividing line at q and r 
respectively in the half-breadth, and at 8 and t in the sheer plan. 
Lay these off in the body plan ; the distances B ^, B «, on the right 
side of a 6 ; and 2 r, 2 <, on the left And let the two points thus 
indicated be respectively u and v ; so that the distance from u to a 6 
is equal to B ^ ; and the distance from u to c d is equal to B « ; and 
similarly for the point v. With centre O, and distance O w, draw an 
arc of a circle. Again with centre h, and distance k v, draw an arc. 
We may now lightly sketch in the whole of these two timber sections 
on the body plan, taking care that they be tangential to the two arcs 
respectively at the points u and v. Let the lines thus sketched in cut 
the line cdinw and x respectively. Lay off in the half-breadth plan 
B y and 2 z respectively equal to the distances from w and xix> ah; 
h a being equal to the distance from c or d to ah. Take the batten, 
and bend it so as to take in the points h, y, a z, g ; and sweep in this 
curve. This is our load-water line. We might possibly have to alter 
this line, or indeed we might like to save ourselves trouble subsequently, 
by altering the chief dividing line itself. Wo must not therefore 
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mark anything with ink at present. The next thing to be done is to 
put in another water line 2 y, at some distance below the load water 
line, drawing it both in the body and sheer plans. For the half- 
breadth plan measure the distances from a 6, in the body plan to the 
points at which the new water line cuts the sections already traced ; 
lay them off respectively in the half-breadth plan, and the curve may 
be swept in with the batten; and so on as before. Other sections 
between those already drawn may be inserted, and then other water 
lines, both above and below the last one drawn, and even above the 
load line also. Whenever contradictions occur between the body and 
half-breadth plans, and the sections get refractory, then we must put 
our india-rubber in request, and alter as our judgment directs. Our 
drawing has now assumed the form represented in the diagram by the 
plain and ticked lines. But our work, although more complete, and 
perhaps very pretty, is by no means terminated ; there may be some 
^' unfairness" in the draft, which has escaped our eye, or which cannot 
be detected by those lines which have already been used ; this unfair- 
ness is most likely to occur about the stem. There may, perhaps, be 
also another fault ; the oA«e/ dividing line may be a beautiful and easy 
curve, but those which may now be described below it, might turn out 
shocking, and as askew as Person's butt. We must therefore describe 
other dividing lines upon trial. Thus, for one of these let us begin 
at S upon the stem-post in the body plan, and, opening the compasses 
to the proper length, let us describe an arc of a circle which shall 
touch, but not cut the first timber section, and let it touch in the 
point £. With centre s describe, in similar manner, an arc which 
shall touch the next timber in the point K ; ^^^ so on until we arrive 
at the stem-post. These points S, e, ^, must be laid off in the half- 
breadth and sheer plans, and a curve swept through them with the 
batten. If the batten will not take in all these points, there has been 
some error committed. If the curve is an ugly one, an alteration 
must be made in the timber sections. Another kind of line very 
useful for " fairing the body," is the buttock line ; this is a line in 
the body plan parallel to ah, and at equal distances on each side of 
a h. The intersections of this line in the body plan, with the timber 
sections, are laid off in the sheer plan, and a curve swept through the 
points thus determined. If the body of the vessel be not fair, the 
batten will not take in all the points. Two or three of these buttock 
lines are generally used ; ribbon lines are also employed ; but as we 
have supposed three or four dividing lines to have been traced, it will 
be useless to trouble ourselves with ribbon lines. Here then our copy 
of lines is finished, and may bo inked in with the bow pen ; the sec- 
tions, stem, stern, and keel, the top-rail, and such like, being usually 
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in Indian ink; the dividing lines in red; the water lines green* 
those above the load line being sometimes done in blue; the battock 
lines in brown ; the yellow, being a light colour, may be reserved for 
marking the alterations made in future years, or for showing the dead- 
wood, bulkheads, &c., &c. In the Plate here given we have, however, 
done all in black, and the three stages of our progress being in plain 

, ticked , and lines respectively, for the sake of avoiding 

confusion to the reader, much as this was in our power. 

We now lay aside the gentler art of designing, the colours, the 
ruler, and the bow pen ; we doff our coat and tuck up our sleeves, 
preparatory to a campaign with hatchet, gouge, and spoke-shave. 

It will be observed that, in the sheer plan, the vessel is divided 
into several distinct portions by the water lines; boards must be 
provided accordingly. The top bit must be thicker at one end than 
at the other, all the others are of an equal thickness throughout 
(except the vessel be made to draw more water abaft than forward, 
in which case the bottom bit is thicker at the stem end than at the 
bow). The length and breadth required for each of these bits can be 
determined by the sheer and half-breadth plans respectively. Never- 
theless we prefer having all the bits below the load line of the same 
length and breadth ; for this reason, when these bits are piled up, the 
product of the breadth, length, and thickness of all together will give 
us their solid contents ; and, by weighing the whole, we know the 
weight of an average cubic inch of the wood. "When we have finished 
the model, we can, by weighing the same bits, which have since been 
fashioned down, make a very good approximation at the volume, in 
cubic inches, of the water displaced by the model ; from which datum 
the tonnage of the vessel (not the " measurement " or arbitrary rate 
of tonnage) can be pretty accurately calculated. It must be remem- 
bered that the wood must be twice the breadth given by the half- 
breadth plan ; because, in the latter there is represented only that 
part of the vessel which is on one side of the middle line. The 
sections must be marked on each piece of wood at the proper distances 
apart, squared across, and the middle line marked in each ; on the top 
of the lowest piece is then described the lowest water line, on each 
side of the middle line ; on the next piece of wood the next water line, 
and so on. Our model shipwright then saws them out with the lock 
saw (leaving a small margin to "come and go upon ") ; he claps them 
into a vice and takes his plane and spoke-shave imtil he has pared 
each piece separately down to the pencil mark ; then he screws them 
together, and the model at this stage will have the appe€u*ance of a 
fiight of steps ; but the edge of the steps is soon taken off by a dili- 
gent application of spoke-shave, chisel, and gouge ; then the rasp, and 
subsequently the file, reduce it so as very nearly to obliterate all 
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marks at the water lines, while sand paper and pumieestone with oil 
will make it quite accurate. K the operator has any doubt of the 
accuracy of his proceedings, he may now unscrew the pieces, and put 
the matter beyond a doubt ; he can weigh them also, as we said before ; 
and, by poising upon the top of a pencil all that part of the model 
which is below the load line, he can ascertain the position (longi- 
tudinally) of the centre of gravity of the displacement. Before 
screwing them up again, the inside of each must be cut out, leaving 
the sides as thick as fancy may direct ; they are then accurately glued 
together ; a keel, stem, and stern-post must be fitted on ; a deck also 
may be added, and the whole may be painted. Or the little vessel 
may be coppered by laying on some crimson bronze with a dry brush 
on some gold size, which has been applied and then allowed to get 
tacky, or half dry. 

There still remains for us the troublesome operation of rigging. 
The first requisite is to write to a dealer in model yacht fittings for 
blocks, single and double, caps for bowsprit and mast-head, cleats, hoops 
for masts, anchors, guns, companion hatches, Archimedian screws, 
boomerang propellers, &c., &c. ; all, any, or none of these, Model Yacht 
Builder may write .for, just as his fancy suggests. And we must now 
determine the " point- velique " of the model. Step an upright mast 
at the point where the centre of displacement is found to be ; place the 
model in water and ballast her with shot until she sits accurately 
down to her load line at stem and stem ; then tie a light string round 
the mast, and pull the model smartly through the water, not with a 
jerk, however, and it will be found, on observation, that, while pulling, 
either the bow or stem will be depressed below the proper line of 
flotation ; if the former, slip the string a little lower down upon the 
mast ; if the latter, raise it ; and so on until we find out a place for the 
string, such that we can pull the model as fast as we like through the 
water, and provided we give no jerk, without causing either bow or 
stem to be depressed ; this is called the " point-velique." We must 
also slowly draw the vessel sideways ; and if she comes bodily on to 
us, all is right ; but if she rounds in her stern towards us, we must 
add to her keel and stern-post; if she slues round with her bow 
towards us, we must either cut away some of the keel abaft, or else add 
to the forefoot and stem-post. This business being disposed of, we 
must now determine the shape of the sails ; this is entirely a matter 
of fancy, provided that the <5entre of eflfort (or centre of gravity of the 
sails) is at the '* point-velique," or at least as near it as may be. 

Plate 12, in addition to furnishing us with an example for a model, 
shows the lines of Lord Eobert Montagu's Drontheim yawl * Cas- 
sandra.' 
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GLOSSABY OP THE PEINCIPAL TECHNICAL TERMS 

USED IN THIS WOEK. 

Batten, — A thin piece of wood used by draughtsmen. 

Body plan, — One of the drawings of a ship, showing the sections 

made by a series of vertical phines perpendicular to the length of 

the ship. 
Breadth, — In this work is generally taken to mean the extreme 

breadth at the load water line. 
Buttock lines, — Lines used in " fairing a drawing." A buttock line 

in the half-breadth and body plans is parallel to the middle line : 

in the sheer plan it shows the form of a vertical longitudinal 

section of the ship. 
Centre of effort of sail, — That point in the plane of the sails at which 

the whole transverse force of the wind is supposed to be collected. 
Centre of gravity, — Centre of parallel forces, — that point in a body at 

which any number of parallel forces acting on the body may be 

supposed to be collected. 
Champhered. — Sloped off at the edge. 

Counter. — The overhanging part beyond the stem-post and transoms. 
Depth, — Is used in this work to denote the mean vertical distance from 

the load water line to the lower edge of the rabbet of the keel. 
Diagonal lines, — Lines drawn in a diagonal direction from the middle 

line of the body plan, and projected in the half-breadth and sheer 

plans used in " fairing the drawing." 
Displacement, — The quantity of water displaced by a floating ship. 

This expression is often used also for the weight of that quantity 

of water. 
Draught of water, — The vertical distance from the load water line to 

the lowest point of the keel. 
Drag, — Excess of draught of water aft beyond the draught of water 

forward. 
Forefoot, — The place where the stem and keel meet. 
Garboard, — The outside strake of plank next the keel. 
Hcdf-hreadth plan, — ^A ship drawing showing a series of longitudinal 

transverse sections. 
Keel, — The lowest timber of a ship, extending longitudinally from the 

stem to the stem-post. 
Lateral resistance, — The resistance of the water against the side of a 

vessel in a direction perpendicular to her length. 
Length, — -In this work is generally taken to mean the extreme length 

at the load water line. 
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Load uoaier line. — The section made by the plane of flotation when 

the vessel is loaded. Tachts are always supposed to be loaded. 
L&ngitudincd section immersed, or Vertical longitvdinal section. — A 

vertical section through the keel, bounded by the load water line, 

stem, keel, and stem-post. 
Midship section. — The largest vertical section, sometimes called the 

dead-flat section. In speaking of the area of the midship section 

the immersed portion of that section is to be understood. 
Movlds. — Pieces of thin wood of various forms used in drawing curved 

lines. 
Babbet of keel. — The score or notch cut in the sides of the keel for the 

reception of the garboard or lowest strake of plank. 
Bake. — Inclination from the vertical. 
Boom and space. — The distance from the centre line of one frame of 

timbers to the centre line of the next. 
Boughtree rail. — The upper rail of the bulwark forming the sheer of 

the vessel. 
Sheer. — A curve ; the longitudinal curve made by the deck or rail in 

a fore-and-aft direction. 
Sheer draft or plan. — A ship drawing showing a series of longitudinal 

vertical sections. 
Stem. — The foremost piece of timber in the ship. 
Stem-post. — The aftermost piece of timber within the coimter. The 

rudder is hung to it. 
Straight-edge. — A long flat ruler used by draughtsmen. 
Straight of breadth. — That part of a vessel's side at or near the mid- 
ship section where the vessel is of the same breadth for some 

distance. 
Transoms. — Timbers placed across the stern-post. 
Waier line. — A section of a ship made by a plane at or below the 

plane of flotation. When " the water line " is mentioned it 
. usually means the section at the plane of flotation. 
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Plate 10. 
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Plate 11. 
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ESTABLISHED IN 1852. 

HUNT'S YACHTING MAGAZINE. 

Monthly, la. 

The Twenty-first volume of this work commenced January 1, 1872, and is 
entirely devoted to the noble pastime of Yachting. The set of 20 vols., containing 
upwards of 11,000 pages of matter, besides numerous portraits and lines of Yachts, 
(fee, bound in blue ornamented cloth, price Thirteen Guineas, or separately, 14s. 

each. 

ESTABLISHED 1847. 

HUNT'S UNIVERSAL YACHT LIST, 

Published Annually in May. Price 5a., cloth. 

Contents : — Coloured Ensigns and Burgees of all the English and Foreign 
Clubs, Regatta Fixtures, Clubs, Stations, Officers, Secretaries* Addresses, Entrance 
Fees, &c.. Admiralty Warrants, Ackers' and Commercial coloured Code Signal 
Flags, Patrons of the Clubs, Royal Yachts, Alphabetical List of Yachts, Table of 
Amounts Won, Alphabetical List of Owners, Graduated Time Tables, Tide Tables, 
Phases of the Moon, List of Thames Sailing Club, Windermere Sailing Club, 
Royal Sydney Yacht Squadron, Royal Canadian Yacht Club, Grouruckpore Yacht 
Club, Le Circle Naulique, Yacht Club de France, Societe des Regates du Havre, 
Royal Danish Yacht Club, Royal Halifax Yacht Club, Eastern Yacht Club, Suflfolk 
Model Yacht Club, Goteborgs Sailing Club, Brooklyn Yacht Club, Atlantic Yacht 
Club, New York Yacht Club, Boston Yacht Club, Svenska Segel-Saalskap, Lrish 
Model Yacht Club, Foreign Agents, &c., &c. ; in all, upwards of 200 pages. 



Third Edition, ornamented cloth, 7a. 6d. 

A practical Treatise on Cruising and Racing, giving an elaborate description of 
the Handling and Management of Yachts under all circumstances. 



Gratis, 

CATALOGUE OF YACHTING REQUISITES, 

Nautical Works, Charts, Pilots, Instruments, Flags, Portraits of 

Yachts, dc. 

HUNT & CO., 119, Church St., Edgwabb Road, London, N.W. 

E. & F. N. SPOFS EEOENT PUBLICATIONS. 



4^0, handsomely half-bound in morocco, top edge gUt, 21, 2«., 

A PRACTICAL TREATISE ON MODERN SCREW- 

PROPULSION. By N. P. Burgh, Bugineer. lUustrated with 52 large 
plates, and 103 woodcuts. 

In 3 vols.y double elephant folio, 5L 5s, (published at 42/.) ; or, handsomely half-bound 

in morocco, 10/. 10s. (published at 52/. 10s.), 

MODERN SYSTEM OF NAVAL ARCHITECTURE; 

embracing: 1. Naval Design. 2. Practical Shipbuilding. 3. Steam Navi- 
gation. 167 carefully-executed line engravings on copper, many of very large 
size, and 724 pages of descriptive letterpress. By J. Soott Russell, F.B.S. 

LONDON : E. & F. N. SPON, 48, CHARING CROSS. 
New York: 446, Broome Street. 



E. & F. N. Spon's Recent FublicatioDS — continued. 

Just published^ in 1 oo/., 4to, handsomely bound^ 21. 5s,, 

MODERN MARINE ENGINEERING APPLIED TO 

PADDLE AND SCREW PROPULSION; oonsifltiDg of 36 plates, 
259 woodcuts, and 403 pages of descriptive matter ; the whole being an 
exposition of the present practice of the following firms : — ^Messrs. J. Penn 
and Sons ; Maudslay, Sons, and Field ; James Watt and Go. ; J. and G. 
Rennie ; R. Napier and Sons ; J. and W. Dudgeon ; Ravenhill and Hodgson ; 
Humphreys and Tennant ; Mr. J. F. Spencer ; and Messrs. Forester and Co. 
By N. P. BuBOH, Engineer. 

A Supplement to tlie above Work is in course of publication ; it will be 
completed in Six Parts, demy 4to size, at 28. each Part, and will contain com- 
plete and accurate Drawings of Modern Compound Marine Engines. Parts 
I. to V. now ready. 

Now in course of PtU>licatio)ij 

SPONS' DICTIONARY OF ENGINEERING, Civil, 

Mechanical, Military, and Naval, with Technical Terms in French, German, 
Italian, and Spanish. Edited by Oliver Bybne, Compiler and Editor of 
' Aptiletons' Dictionary of Mechanic^,' &c., &c. To be completed in about 
84 Nos., imperial 8vo size, 32 pages, at Is. each. The whole illustrated by 
many thousand Engravings. Also, in Divisions, each containing 12 Nos., 
handsomely bound in cloth, at 13«. Qd. each. Nos. 1 to 60, and Divisions 1 
to 5 now ready. 

Just published!, royal 32}no, roan^ 65., 

A POCKET-BOOK OF USEFUL FORMULAE AND 

MEMORANDA FOR CIVIL AND MECHANICAL ENGINEERS. By 

Guilford L. Molesworth, Member of the Institution of Civil Engineers, 
Consulting Engineer to the Government of India for State Railways. 17th 
edition, revised, with considerable additions by the Author, containing 150 
additional pages. 

Just published, 64/no, roan, gilt edges. Is. 

SPONS' TABLES AND MEMORANDA FOR EN- 
GINEERS. Selected and arranged by J. T. Hurst, C.E., Author of 
' Architectural Surveyor's Handbook,' * Tredgold's Carpentry by Hurst,' &c. 

Just published, Third Edition, revised with Appendix, royal 32mo, roan, 4s. 6d. 

A POCKET-BOOK OF PRACTICAL RULES FOR 

THE PROPORTIONS OF MODERN ENGINES AND BOILERS 
FOR LAND AND MARINE PURPOSES. By N. P. Burgh. 

Principal contents : — ^Details of High-Pressure Engine. Beam Engine, Con- 
densing, Marine Screw Engines, Oscillating Engines, Valves, &c., Land and 
Marine Boilers, Proportions of Engines produced by the rules, Proportions 
of Boilers, &c. 

Just published, croum 8vo, cloth^ Is. 

HOW TO PUBLISH A BOOK ; being Directions and 

Hints to Authors. By Ernest Spon. 

Svo, cloth, with Illustrations, 10s, Gd. 

THE FOULING AND CORROSION OF IRON SHIPS ; 

their Causes and Means of Prevention, with the Mode of Application to the 
existing Lronclads. By Charles F. T. Young, C.E., Assoc. I.N.A. 



LONDON : E. & F. N. SPON, 48, CHARING CROSS. 
New York: 446, Broome Street. 



